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PREFACE TO THE THIRD AMERICAN 
EDITION. 


Ir is naturally gratifying to the author of this laboratory 
text-book to learn that a third American edition is called for. 

Originally for some time in use in manuscript form in the 
laboratory classes in Queenwood College, probably the oldest 
of the science colleges in Great Britain, the treatise gradually 
developed into a form in which it appeared probable that it 
might be more extensively useful, and the reception of the earlier 
English editions fully warranted this expectation, while the 
adoption of the book in America gives further guarantee 
that the general treatment of the subject and the specialties 
advanced by the author have been duly appreciated. 

While retaining in this revision the systematic treatment of 
the subject, every effort has been made to render the work as 
complete and intelligible as possible with due consideration to 

_ the conciseness necessary in a laboratory guide. The gradual 
development of the subject, the use of the condensed or abbre- 
viated formula and of analytical tables arranged in the most 
practical form for convenient reference, it is hoped, will facili- 
tate the student in his comprehension of the subject. 

The teacher or student will be best guided in using the book 
for any special purpose by glancing down the pages of con- 
tents, which immediately follow the preface. It will be seen 
that the book is divided into sevensections: in the first of 
which some simple directions are given for preparing for use 
the apparatus, a list of which faces the first page of the sec- 


tion. A student may reasonably commence his laboratory 
iii 


iv PREFACE. 


work by looking through his stock of apparatus and preparing 
it according to the directions given in this section. 

In the second section the preparation of certain gases is 
described, and experiments illustrative of their properties are 
detailed. By carefully working through this section the stu- 
dent will acquire skill in manipulation and will gain some 
knowledge of the fitting and use of apparatus. 

The third section prepares the worker for chemical analysis 
by a description of the most important methods and processes 
employed in qualitative analysis. In the present edition a 
working description of the spectroscope is included in this 
section. 

The reactions which are employed as tests and methods of 
separation in qualitative analysis are contained in the fourth 
section, and these are systematically tabulated and stated 
at the end of each group of metals. After having worked 
carefully through these tests, the student proceeds to use them 
in a suitably systematized and tabulated form in the fifth sec- 
tion for the detection of the constituents of simple salts, or in 
the sixth section for the analysis of any liquid or solid inor- 
ganic substance. 

At the end of the sixth section the reactions of the rarer in- 
organic substances and of certain organic substances are given. 

The seventh section consists of information concerning the 
fitting and furnishing of the chemical laboratory. This is of ne- 
cessity brief, but, nevertheless, many of the improvements made 
in recent years are at least noticed. The frontispiece illustra- 
tion of the book represents one block of the students’ labora- 
tory benches at the University College, Nottingham, and a 
careful inspection of the details of this engraving will render 
minute description unnecessary. ; 

The seventh section also contains lists of apparatus, chemi- 
cals and reagents, together with methods of preparing solu- 
tions and certain special reagents, and other information which 
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experience has proved to be of considerable value in maintain- 
ing a laboratory in a state of efficiency for students’ work. 

The analytical methods selected have been thoroughly 
proved by myself and by large numbers of my students; they 
have been selected from amongst those available forthe purpose 
on account of their accuracy primarily, rapidity and ease of 
execution having been held as being of secondary importance. 
That the methods of separation should be in every case quan- 
titative is not to be expected; when the object is to make a 
rapid and accurate qualitative examination of a substance, it 
would in some cases at least involve unnecessary and unpar- 
donable waste of time to insist on quantitative methods, more 
especially since the tests by flame coloration and spectroscopic 
examination have been developed. In certain cases, however, 
the quantitative process is the best also for qualitative analysis, 
notably in the decomposition of silicates by the admirable 
method of Lawrence Smith. 

In the present edition the original plan of the book has been 
maintained, but in details it has been considerably amended 
and in parts rewritten, whilst many new and improved illus- 
trations have been introduced. In presenting it to the chemi- 
cal teachers and students of America, the author ventures to 
express a hope that he has succeeded in his attempt to provide 
_ a systematic, intelligible and fully-equipped laboratory guide 

and text-book. 

FRANK CLOWES. 


UNIVERSITY COLLEGE, NOTTINGHAM, 
February, 1885. 
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APPARATUS FOR EACH BENCH LOCKER. 


1 Bunsen’s burner with tubing and rose-top (1). 
1 Test-tube stand, with twelve holes. 
12 Test-tubes. 
1 Test-tube brush (11). 
2 Boiling-tubes. 
2 Round glass plates. 
2 Porcelain dishes. 
2 Watch glasses. 
1 Four-ounce conical flask. 
1 Pestle and mortar. 
1 Iron tripod stand. 
1 Piece of coarse iron wire gauze, or asbestos millboard. 
3 Glass funnels, and some cut filter papers. 
3 Small beakers. 
3 Glass rods. 
1 Piece of platinum foil. 
2 Pieces of platinum wire. 
1 Blowpipe. 
1 Pipe-clay triangle. 
1 Wash-bottle. 
1 Retort stand. 
1 Wooden filter stand. 
1 Pair of brass crucible tongs. 
1 Small horn spatula. 
1 Wicker draining basket. 
A fuller description of this apparatus will be found on page 318. 


Most of the apparatus may be seen on the bench in the Frontispiece 
illustration. ba 
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or carbon compounds, is destroyed. 


SEQTION I. 


PREPARATION AND USE OF APPARATUS. 


A student who is commencing work in a general laboratory 
will find on the preceding page a list of the apparatus which 
should be contained in his private locker; this should be looked 
through, fitted, and cleansed, as is directed in this section. 

In the seventh section will be found particulars of other 
apparatus, which may be used by many students in common; 
ni lists of the various reagents, and the methods of preparing 
them. 

For convenience in reference, paragraph numbers are printed 
in the text in thick numbers, and in square brackets at the top 
of each page. 


1, The Bunsen burner (Fig. 1) is generally employed in 
the laboratory for heating purposes. It is so constructed 
that coal gas entering near its base is mixed with a 
proper proportion of air before being burnt; the air is 
drawn in through holes at the lower part of the burner, 
and the mixture of gas and air is burnt 
at the top of the upright tube. The 
oxygen of the air, which is thus mixed 
with the gas, burns the carbon in the 
body of the flame. Accordingly the 
luminosity, which depends upon the ex- 
istence in the flame of unburnt carbon 


Fig. 1. 


The Bunsen flame is therefore mainly 
useful, because it deposits none of these 
particles in the form of soot upon a cool 
object, but also because it is hotter than an ordinary 
luminous flame. Its high temperature, non-luminosity, 
and colorless appearance, also render it very valuable for 
producing flame colorations, as will be seen hereafter. 
The lamp should be provided with some means for 
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partly or entirely closing the air-holes when requisite ; 
this is usually effected either by turning round a loose 
perforated ring which is slipped over them, or by rota- 
ting the upright tube on its long axis. When a small 
flame is being used, the supply of air should be partly 
shut off, else the flame is apt to recede and burn below. 

When the lamp is to be used, it is connected by 
means of a piece of tightly-fitting india-rubber tubing, 
about 5-16ths of an inch in internal diameter, with the 
tube which supplies gas to the working bench; the tap 
is then turned on, and in a few seconds the gas is lighted. 
The flame should be almost perfectly colorless and 
give scarcely any light. 

Occasionally the gas will burn below, that is, at the 
bottom instead of at the top of the burner; this usually 
happens when the flame is small and the quantity of 
air admitted through the holes is too great; it also oe- 
curs when the burner is lighted too soon after turning 
on the gas tap. A luminous flame may then be seen 
through the holes in the base of the lamp, burning 
from the small gas jet inside; and the flame produced 
at the top of the burner will also be long and somewhat 
luminous, and will emit a very unpleasant smell, which 
is due to the incomplete combustion of the gas. In such 
acase the flame should be at once extinguished by pinch- 
ing the india-rubber tubing close to the burner, and the 
gas should be relighted after escaping for a few seconds. 

Prove the above statements by trial ; study also the effect 
of partially or entirely closing the air-holes of the burner. 

For diffusing heat over a large surface the rose-top, 
which is a small perforated metal cap, is placed upon 
the top of the burner; it yields a circle of flames, and 
thus diffuses the heat; the rose-top is put on the burner 
and removed from it by grasping it with the crucible 
tongs; it is of course very hot after being used, and 
should never be handled, or placed upon wood or glass, 
until it is cool. 

For heating large vessels Fletcher’s solid flame burner 
is most convenient and satisfactory; in its smallest size 
it is also very convenient on the student’s working bench. 
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2. The spirit lamp is occasionally employed instead 
of a gas burner, but for general purposes it should only 
replace these burners where coal gas cannot be obtained. 

The spirit lamp (Fig. 2) consists of a glass vessel con- 
taining methylated spirit, into 
which dips a cotton wick sup- 
ported by means of a brass or 
stoneware wick-holder. When 
not in use the upper end of the 
wick should be always covered 
with the glass cap to prevent 
evaporation of the spirit. If 
the spirit is tolerably free from 
resinous matter its flame will 
be non-luminous, and will de- 
posit no soot upon a cold object. 


3. Glass tube or rod is cut by laying it upon a flat 
surface, and making 
a deep scratch with 
the edge of a three- 
cornered file at the 
point to be cut. The 
glass is then held 
with both hands, one 
on either side of the 
scratch and close to 
it, and a gentle pressure is exerted upon the glass as if 
trying to break it across (Fig. 3); if the file mark has 
been made sufficiently deep, the glass will readily break 
at this point. The sharp edges of a rod or tube should 
always be at once rounded by holding them in the 
Bunsen or blowpipe flame until they are partly melted, 
or by rubbing them with the face of a file. 

Cut off from a length of hard glass tubing which is 
about one-eighth of an inch in internal diameter, one 
piece about ten inches, and two pieces about five inches 
long, and carefully round off their sharp, freshly cut 
edges. Also cut off three pieces of glass rod, seven, six 
and three inches in length. Keep these for future use. 


Fig. 3. 
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4, Glass tube is bent by holding it in the upper edge 
of a common fish-tail gas flame, so as to heat at least 
two inches of the glass (Fig. 4). The tube is supported 
by both hands, one on either side 
of the flame, and is constantly 
turned slowly round on its axis, 
so as to heat all sides equally. 
As soon as the glass is felt to 
be soft and pliable, it is taken 
out of the flame and quickly 
bent to the required angle. The 
heated part must not be allowed 
to touch anything until it is cold; the soot is then re- 
moved from it by a cloth or a piece of paper. 

A bend, if properly made, should be a curve and 
should not alter the bore of the tube (Fig. 5 a); if a 

sharp angle is made, 
Fie. 5. the bore will be nar- 
i rowed (Fig. 5 6), and 
the bend, besides be- 
ing unsightly, will be 
very liable to break 
under a small strain. 
The Bunsen flame 
must never be em- 
ployed for bending 
glass tubing ; it is too 
hot, and melts the 
glass. Glass rod, however, may be bent in the Bunsen 
or even in the blowpipe flame. 

Bend the longest piece of glass tubing (3) at right 
angles, so that the shorter part is about two inches in 
length ; keep this for future use. 

5. The blowpipe is frequently used to produce a 
small but very hot flame from the flame of a gas lamp, 
spirit lamp, or candle, by blowing through it a fine stream 
of air from the mouth. It is held in the right hand, 
with its finely pierced tip a (Fig. 6) resting on the edge 
of the burner, and just inside the flame; the mouth-piece 
(b) is then taken between the lips, and after blowing out 
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the cheeks to their full extent, the air contained in them 
is forced out through the jet (a); this causes a small 
pointed tongue of flame to issue from the side of the flame. 
The chief difficulty in Fie. 6. 

learning to use the blow- 
pipe properly is experi- 
enced in acquiring the 
habit of keeping up the 
blast of air uninterrupted ~ 
by the breathing. A lit- 
tle patient trial will, how- 
ever, soon remove this 
difficulty. It must be 
borne in mind that the SSS . 
cheeks are to be kept saudi inflated with air, and 
that the air should be forced through the blowpipe by 
the pressure of the cheeks alone and not by the action of the 
lungs ; breathing is carried on meanwhile through the 
nose, and the mouth is occasionally replenished with air 
from the throat just before breathing out through the 
nose. 

It is frequently necessary to have both hands free 
whilst using the blowpipe ; this may be secured by rest- 
ing the jet (a) on the top of the burner and supporting 
the other end (6) by the lips alone, asisshown in Fig. 6. 

The bright flame obtained by nearly closing the air- 
holes of the burner is much better suited for blowpipe 
work than the ordinary non-luminous flame. A burner 
with an elliptical orifice which gives a flat flame is often 
substituted for the ordinary Bunsen burner; this flame 
may also be obtained by slipping a brass tube down the 
burner. 

The student should as soon as possible acquire dexter- 
ity in the use of the mouth blowpipe ; for long main- 
taining a high temperature, or for extensive glass-work- 
ing or glass-blowing, however, a Herapath or Fletcher 
blowpipe fed with wind from the Fletcher bellows, which 
are blown by the foot, is very convenient and often in- 
dispensable. 

6. Smallignition tubes—One of the pieces of hard glass 

2* 
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tubing, about five inches long (3), is drawn out at its mid- 
dle point by heating it strongly in the blowpipe flame, as 
is shown in Fig. 6. Whilst being heated it is held in 
both hands, as in Fig. 3, and is constantly turned round 
upon its long axis; when well softened it is gradually 
drawn out by pulling its ends in opposite directions. 
The narrowed portion of the tube (Fig. 7) is then cut 


Fig. 7. 


across (3) at its middle point, and by heating the conical 

part (a), the narrow tube may be drawn off, and a small 

closed tube is obtained (Fig. 8). If the closed end is 

suki strongly heated in the blowpipe 

es flame, and gently blown into whilst 

red hot, it may be expanded into 

a small bulb. Small test-tubes, 

three inches long by half an inch in diameter, will also 
serve well for ignition tubes. 

7. Mounted platinum wires—Two platinum wires, 
each about two inches in length, should be fixed in glass 
handles ; they are thus rendered much less likely to be 
lost, and are far more easily held. The platinum wire 
used must not persistently color the flame green. 

Draw out the remaining piece of glass tube (3), about 
five inches in length, at its middle point (Figs. 6, 7), and 
cut it across at the middle of the narrow portion. Each 
piece of glass thus obtained serves for the handle to a 
wire. Break off the narrow part of the tube until it ex- 
tends only about a quarter of an inch from the shoul- 
der a (Fig. 7); insert the end of the platinum wire 
into the narrow opening; then hold the end of the 


Fie. 9. 


tube with the wire in the blowpipe flame until the 
glass melts and thickens around it, fixing it firmly 
when cold (Fig. 9). The free end of the wire should 
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then be rolled round a stout wire, so as to shape it into 
a loop about the eighth of an inch across. 

8. Glass stirring-rods.—F rom the ends of the glass rods 
already made (3) by cut- 
ting a length of solid Fig. 10. 
glass rod into pieces about 
three, six, and seven 
inches long, any small 
projections are removed 
by the file; both ends of 
each rod are then heated 
to redness in the tip of 
the blow-pipe flame, the 
rod being meanwhile con- 
stantly turned round on 
its long axis (Fig. 10) ; the 
sharp edges are thus re- 
moved. The end of the 
mare must not be allowed to touch anything until it is 
cool. 

Sometimes a very fine glass rod is required; this 
may be obtained by heating a part of an ordinary 
rod in the blow-pipe flame until it is well softened, 
and then drawing it out to the requisite fineness (Fig. 6). 

9. A cork may be bored by pushing through it a 
sharply pointed and Fra. 11. 
slender round file, 
with a constant twist- 
ing movement. The 
cork-borer, which is 
a brass tube sharpen- 
ed at one end, is, how- 
ever, more commonly 
used. A borer must 
be selected of the same size as the glass tube which is to 
be inserted into the cork; it should be rather less than 
greater; the cork is then pressed against a wooden 
surface or grasped firmly in the hand, and_ the 
perforation is made by gently pushing the borer 
through it with a constant movement of rotation back- 
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wards and forwards upon its axis (Fig. 11). Caution 
and practice will enable the student to make a clean, 
straight hole without damaging the surrounding parts 
of the cork. 

In boring a single hole through a cork, the easiest 
way to make it straight is to bore from the centre of 
one end half-way towards the other, then reverse the 
cork and bore a hole to meet this from the centre of the 
opposite end. 

A round file is used for smoothing the interior of 
holes made by the cork-borer, or for slightly enlarging 
them when they are too small; whilst doing this, great 
care must be taken to leave the hole round in shape, 
and not to enlarge it so much that the glass tubing, 
when inserted, fits loosely. 

In perforating india-rubber stoppers the borer must 
be sharp, and should be partly filled with water or 
moistened with alcohol or glycerine. 

The cork-borer is sharpened by rubbing the outer part 
of the edge obliquely with the face of a fine-toothed file. 

10. The wash-bottle—A_ thin, flat-bottomed conical 
flask, about eighteen ounces in capa- 
city, and not less than an inch in diameter 
in the neck, is fitted as is shown in Fig. 
12. Select a sound cork which isslight- 
ly too large to enter the neck of the 
flask ; roll it backwards and forwards 
under the foot with gentle pressure ; 
when thus softened the cork ‘must fit 
tightly into the flask. Two pieces of 
glass tubing, rather longer than would 
be required for the tubes (a, 6), are then 
= bent (4) into the form shown in Fig. 
_ 12; their ends are cut off to the right 
length, and the sharp edges are rounded 
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Fig. 12. 


—=———~__ by holding them in the Bunsen flame, 
or by rubbing them with the face of the file. 

Two parallel holes are then bored in the cork by means 
of a round file or with a proper sized cork-borer (9) ; the 
holes must be somewhat smaller than the glass tubes, and 
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must not run into one another or to the outside of the 
cork. They are smoothed and slightly enlarged, if ne- 
cessary, by the round file. Into these holes the tubes 
(a, 6) are then gently pushed with a twisting motion ; 
they must enter somewhat stiffly, but without requiring 
much pressure. If the holes have been carelessly made 
too large, the tubes may often be made to fit by slip- 
ping upon them little pieces of narrow india-rubber 
tubing, or by putting the pieces of india-rubber tubing 
into the holes in the cork before fitting in the glass tubes. 

A vuleanized india-rubber stopper is much more dura- 
ble than a cork for this and most other chemical pur- 
poses; it may be purchased with two holes already 
made, or may be perforated by a sharp, well-wetted 
cork-borer (9), or by a wetted round file. Both the 
glass tubes and the inside of the holes should be well 
wetted before pushing in the tubes, since water serves 
as a lubricant for glass against india-rubber. 

Before completing the fitting of the flask, the cork 
with the tubes is inserted into its neck; one tube is 
then closed with the finger, and whilst blowing down 
the other one, the cork is carefully watched to see that 
there is no escape of air; a leakage is as a rule easily 
heard ; by wetting the outside of the cork, however, it 
becomes visible. 

If the cork is air-tight, fit upon the upper end of the 
tube (a) a piece of india-rubber tubing about an inch in 
length ; into the other end of this push a short jet (c), 
made by drawing out a piece of glass tubing in the 
flame (Fig. 6); the narrow opening of this jet may be 
contracted, if necessary, by holding it in the flame for a 
short time. The neck of the flask should be bound round 
with twine like the handle of a cricket bat, or tightly 
covered with a folded strip of flannel; the wash-bottle 
ean then be handled with comfort after water has been 
boiled in it and the neck has become heated by the steam. 

The wash-bottle is now filled about two-thirds with 
distilled water, and is ready for use; tap water should 
never be kept in it. 

A fine stream of water may be obtained from the jet (c) 
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by blowing down the tube (6); this stream serves for 
washing precipitates and for other purposes. If a larger 
stream is required the flask is inverted, when the water 
will flow out from the end of the tube (6), air entering 
meanwhile by the tube (a); by blowing down (a) this . 
stream can be made to issue with greater force and 
speed. 

When hot water is required, the wash-bottle is sup- 
ported on a tripod stand upon a piece of coarse iron 
wire gauze, and is heated by the Bunsen flame: or it 
may be heated by a small Fletcher burner. 


11. Cleaning apparatus.—It is indispensable to the 
success of an analyst that all glass and porcelain appa- 
ratus should be kept scrupulously clean, and before 
beginning work the student will do well to clean his 
set of apparatus as is directed below. 

Test-tubes, beakers, and porcelain dishes are washed in 
a stream of tap-water, their surface being rubbed mean- 
while by the test-tube cleaner (Fig. 13 6). Occasionally, 
however, the brush fails to remove strongly adhering 
stains. A little hot dilute hydrochloric 
acid will remove most such stains, but it 
is sometimes necessary to heat a little strong 
sulphuric or nitric acid in a vessel in order 
to cleanse it; hot caustic potash or ammo- 
nia solution may also often be used with 
advantage to remove grease. In fact, when 
removing a substance from a vessel to which 
it strongly adheres, the student should al- 
ways consider what the substance is, and 
then remove it by a liquid in which it is 
easily soluble. Each article, after having been carefully 
washed and then repeatedly rinsed out with tap water, 
should be placed upside down in the small wicker basket 
to drain, or if required for immediate use it should be 
rinsed out with a little distilled water; the removal by 
these means of washing water is necessary, because or- 
dinary tap-water contains dissolved impurities, which 
might be prejudicial. 
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Apparatus should be washed as soon as possible after 
it has been used, since the surface is usually more diffi- 
cult to cleanse after standing. The brush must be cau- 
tiously moved as it reaches the bottom of a test-tube, as 
the glass is very thin and is easily broken by undue 
pressure. 

Test-tube brush—It will be found that the piece of 
sponge at the end of the test-tube cleaner (Fig. 13 a) 
does not well adapt itself to the bottom of test-tubes and 
boiling-tubes. A much more efficient end is given to 
the brush by removing the sponge and bending back the 
end of the wire stem sharply upon itself at a point just 
above where the hairs commence (Fig. 13 6). By 
slightly curving the part of the stem carrying hairs, the 
brush will better adapt itself to curved surfaces such as 
those of porcelain dishes. 

Test-tubes containing liquids are placed in the test-tube 
stand ; boiling-tubes may be supported in the wooden 
filter stand. After being washed they should be placed 
to drain mouth downwards in the wicker basket, which 
is to be considered as the receptacle for all clean glass 
and porcelain vessels. 

Glass funnels should have their narrow stems cut off 
to within about half an inch from the shoulder (3) ; the 
sharp outer edge must then be removed by rubbing 
it with the face of a triangular file. The inside of 
the narrow neck is best cleaned by rubbing it with 
a common tobacco-pipe cleaner, which is inserted from 
the shoulder of the funnel so as not to cut the hairs. 

Platinum foil and wire are cleansed by boiling them 
in hydrochloric acid and rinsing off the acid with water ; 
the wire should then be strongly heated for some time 
in the blowpipe flame, until, on being dipped into pure, 
strong hydrochloric acid, it no longer persistently col- 
ors the Bunsen flame. If the tip of the wire cannot 
be cleansed in this way it should be cut off. Commer- 
cial platinum often contains barium, and the wire made 
from it therefore gives a green color to the flame; such 
wire is useless for flame coloration tests and for spectrum 
analysis. 
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It is best, however, to keep the platinum foil and wire 
always in a small beaker containing strong hydrochloric 
acid diluted with sufficient water to prevent it from fum- 
ing: the platinum will then be ready for use at any 
time after having been simply rinsed with water. 


Before putting apparatus away it should be made a 
rule to wash all glass and porcelain which is not in ac- 
tual use, and place it in the wicker-basket to drain ; the 
basket is then put away with its contents, Dirty ap- 
paratus should never be kept in the basket. All iron 
apparatus should be carefully dried and must be kept 
in a dry place to prevent it from rusting. Metal 
apparatus must never be put into the wicker draining 
basket. 

12, Heating porcelain and glass—A few general 
precautions should be observed in heating glass and 
porcelain vessels to guard against cracking them. ‘The 
two following rules apply to both glass and porcelain 
alike :— 

A vessel containing a liquid must never be heated by 

the flame above the level of the liquid inside. 

A dry, hot vessel must be allowed to cool before pour- 
ing in any liquid, or placing it on acold sur- 
face. 

Porcelain dishes are generally used for the purpose of 
boiling or evaporating liquids ; they are supported on a 
pipe-clay triangle placed upon a tripod or retort stand ; 
they may be safely heated by a small naked flame. 

Porcelain crucibles are used for containing solid bodies 
which are to be strongly heated ; they are supported in 
the same way as porcelain dishes; the flame should 
not be allowed to play steadily upon the bottom of the 
crucible so as to heat it suddenly, but the burner 
should be constantly moved slightly from side to side 
until the porcelain is, hot. The crucible should also 
be allowed to cool slowly on the triangle, as contact 
with a cold body is very apt to crack it. The cruci- 
ble and its cover whilst hot are handled by the crucible 
tongs. 
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Glass vessels require to be heated more cautiously than 
those made of porcelain. A large naked flame must 
never be allowed to play for any length of time on one 
part of the glass surface. In heating a test-tube or 
boiling-tube, this local heating is prevented by holding 
the tube obliquely with the lower part in the flame, and 
either moving it gently up and down, or constantly 
turning it round on its axis. 

Ordinary test-tubes are too narrow for boiling liquids 
in, the liquid being very apt to boil over. Small quan- 
tities may be boiled and larger quantities heated short 
of boiling in a test-tube, but the broader botling- 
tubes are better suited for this purpose. Test-tubes, if 
not full of liquid, can be held by the neck whilst being 
heated, if the tube be held obliquely, so that the fingers 
are not over the flame. All risk of burning the fingers 
is avoided by bending round the neck of the tube a 
slip of folded glazed paper or of leather, and pinching 
the ends together close to the tube. 

Glass-flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a 
tripod stand ; in some laboratories a sand-bath is avail- 
able ; the flask is then heated by being placed on the 
surface of hot sand, 


SECTION ITI. 


PREPARATION AND PROPERTIES OF CER- 
TAIN GASES AND LIQUIDS. 


In this section full directions are given for the preparation 
of some of the more important gases and for certain instruc- 
tive experiments which may be made with them. The pro- 
cesses of preparation and manipulation required for these gases 
’ are more or less typical; the student will therefore, from the 
experience gained by performing these experiments, easily 
prepare and experiment upon other gases from the brief di- 
rections given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The 
paragraphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the para- 
graphs; these numbers will be found in thick type in the text 
and in square brackets at the head of each page. 

A full list of the apparatus and chemicals required for this 
section will be found in the seventh section; and the fitting 
and use of the apparatus has been already explained in para- 
graphs (1-12). 


The student must carefully read through the whole description 
of each experiment before beginning to perform it, and after 
its successful performance a brief description of it should be 
entered in the note-book. Two students may advantageously, 
but not necessarily, work together through this section; in 
the subsequent sections, however, each student should work 
independently. 
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OxyYGEN GAS. 


13. When iron is exposed for some time to moist 
air its surface becomes covered with rust ; many other | 
metals undergo a similar change in moist air, but the 
alteration produced in their appearance is not usually 
as noticeable as in the case of iron. The liquid metal 
mercury does not rust as iron does in moist air, but it 
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becomes slowly covered with red mercury rust when it'is 
strongly heated for some time in a flask open to the 
air; this mercury rust has received the name of mer- 
euric oxide. The fact that metals become heavier by 
rusting proves that something is added to them during 
the process. This is confirmed by the following ex- 
periment. 

Exp. 1.—Place in a small, perfectly dry test-tube 
sufficient mercuric oxide to cover the bottom; heat the 
powder in the Bunsen flame (1, 12), loosely stopping 
the end of the tube with the thumb, as is shown in 
Fig. 14. As soon as small drops of mercury form on 
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the inside of tube, remove the thumb and quickly in- 
sert into the tube the burning end of a thin slip of 
wood ; the flame will be seen to burn more brightly. 
Heat the powder again for some time in the way just 
described, and introduce the slip into the mouth of the 
tube immediately after blowing out the flame and 
whilst there is a spark at its end; the glowing end 
will be caused to burst into flame. This behavior 
with a burning or glowing slip of wood is one of the 
most remarkable properties of oxygen gas, and is fre- 
quently used as a test for its presence. The small 


16 PREPARATION OF OXYGEN. [18. 


globules of mercury may be united by rubbing the in- 
side of the tube; both the globules of mercury and 
any red oxide which remains should be preserved. 

The chemical change which has occurred is thus rep- 
resented by a chemical equation: HgO = Hg+O. Since 
heat can separate mercuric oxide into mercury and oxy- 
gen, the process of rusting evidently consists in the 
metal taking oxygen gas from the air. The increase of 
weight during rusting, which has been already referred 
to, is thus accounted for ; and if all metal rusts could, 
like mercuric oxide, be decomposed by heat, oxygen 
might be obtained from any one of them. 

This method of making oxygen is, however, inter- 
esting mainly because it was the first means known of 
preparing the gas; it is never used now-a-days to pre- 
pare large quantities of oxygen, since other substances 
are known which contain a larger proportion of oxygen, 
and which give it off when they are heated more easily 
than mercuric oxide does: these substances are also pre- 
ferable on account of their greater cheapness. 

Potassium chlorate is most frequently employed for 
the preparation of small quantities of oxygen; if 
heated until no more gas is given off it parts with the 
whole of its oxygen, as is shown by the following 
equation: KClO; = KCl + Qs. 


Exp. 2.—Place in a clean, dry test-tube a little potas- 
sium chlorate and heat it. The white salt after de- 
erepitating or crackling, fuses or melts, and when 
further heated appears to boil; the small bubbles which 
are given off consist of oxygen gas; this may be readily 
proved by holding in the mouth of the test-tube a 
burning or glowing splinter of wood. 

Potassium chlorate gives off oxygen gas much more 
readily than mercuric oxide does; but if it is mixed 
with small quantities of certain other substances, which 
themselves appear to undergo no change, its oxygen is 
driven off by heat with extreme facility ; of these sub- 
stances, manganese dioxide, or black oxide of manganese, 
is the one usually chosen. 
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Exp. 3.—Powder finely in a mortar potassium chlo- 
rate sufficient to fill a watch glass, mix with it in the 
mortar about one-fifth as much powdered manganese 
dioxide, and heat a small quantity of the mixture in 
a test-tube; the oxygen can be detected by the spark 
test as soon as the mixture is heated, and a com- 
paratively gentle heat will cause the gas to be rapidly 
evolved. 

In the preceding experiments the oxygen has been de- 
tected in the tube in which it was prepared, and has been 
allowed to pass away freely into the air. When the gas 
is to be collected in a vessel unmixed with air, the ves- 
sel is first filled with water, and the gas is then allowed 
to displace the water. For this purpose the oxygen is 
made to pass through a bent glass delivery-tube, which 
is fitted by means of a cork into the mouth of the test- 
tube ; the end of this tube dips into some water, and the 
bubbles of gas as they issue are allowed to rise into a 
vessel full of water which is inverted over the end of 
the delivery-tube. ‘This process of collecting oxygen is 
fully described in the following experiment : 

Exp. 4.—Select a sound cork which is somewhat too 
large to fit the mouth of the test-tube to be used; soften 
it by squeezing, or by rolling it on the floor with gentle 
pressure from the foot; it should now fit tightly into 
the mouth of the test-tube. Then bend (4) a piece of 
hard glass tubing, about fourteen inches in length, into 
the form shown in Fig. 15; so adapting the bends by 
trial, that when the apparatus is fitted together the 
bottom of the test-tube may be at such a height as to be 
conveniently heated by the flame, the end of the deliv- 
ery-tube at the same time dipping about an inch under 
the water contained in a strong stoneware pan. Make 
a hole through the centre of the cork (9) of such a size 
that the glass tube fits tightly into it. Then test 
whether the apparatus is air-tight by fitting the glass 
tube into the cork, and the cork into the test-tube, 
and blowing down the open end of the delivery- 
tube; no air must be heard to escape, or must be 
seen to bubble out on moistening the cork; if air does 

3* 
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escape, a fresh cork must be taken. Now transfer the 
oxygen mixture into the perfectly dry test-tube, either 
by pouring it off a piece of paper folded into a trough, 
or by scooping it up from the mortar with the mouth 
of the test-tube ; then fit in the cork and delivery-tube. 

Before heating the tube, fill the jar in which the oxy- 
gen is to be collected with water, close it with a ground- 
glass plate, invert its mouth in water three or four 
inches in depth contained in the stoneware pan or 
bowl, and carefully remove the glass plate. If this opera- 


Fia. 15. 


tion has been performed with proper care the jar will be 
entirely filled with water and no air bubble will remain. 

Next proceed to heat the oxygen mixture at the for- 
ward part only, since the escape of gas from behind 
would force the front part of the mixture out of the 
tube. The tube should either be held in the hand or 
supported by a clamp with its closed end slightly raised, 
so that any moisture which may be condensed in the cold 
end does not trickle back upon the heated portion and 
crack it. The lamp should be kept slowly moving 
with the other hand, and a small flame only used, 
in order to prevent any part of the glass from being 
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suddenly and strongly heated, which would be liable to 
crack or melt it. 

Oxygen gas will soon be evolved, but will not at once 
appear at the end of the delivery-tube, since it has first 
to drive out the air which filled the apparatus ; as soon 
as a slip of wood glowing at its end is kindled at the 
mouth of the delivery-tube, the oxygen has driven out 
the air and is beginning to escape; the end of the de- 
livery-tube is then at once dipped under water beneath 
the mouth of the jar, and the stream of bubbles ris- 
ing in it will rapidly displace the water. A stone- 
ware beehive shelf will be found convenient for sup- 
porting the jar: this is shown in Fig. 18. As soon 
as the vessel is full of gas, close its mouth under water 
with the glass plate, and remove it for experiment. 
The jar may also be removed by slipping under its 
mouth a small dish or saucer, the water taken out in the 
saucer serving to close the mouth of the jar. 

Several jars filled with oxygen will be required for 
the following experiments, or the same vessel may, if 
necessary, be refilled with the gas after the completion 
of each experiment. 

If at any time the gas should be given off too rapid- 
ly, the flame must be removed until the current of gas 
slackens ; the hinder portions of the mixture should be 
heated only after the part in front refuses to yield any 
more gas: when the process is to be stopped, the 
end of the delivery-tube must be removed from 
the water before the gas has ceased to bubble out; 
and the hot part of the test-tube must not be al- 
lowed to touch cold or wet objects, which would crack 
the glass. 

Oxygen gas is remarkable for the energy with which 
it combines with or burns many substances: three ex- 
amples of this property are given in the following exper- 
iments : 

Exp. 5.—Select a piece of wood charcoal about the size 
of a hazel nut; place this in a metal deflagrating spoon, 
then adjust the wire handle in the brass cap, so that when 
held beside the jar of oxygen with the cap on a level with 
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its mouth, the spoon is about an inch from the bottom of 
the jar (Fig. 16). Now heat the charcoal in the Bunsen 
Fic. 16. or blowpipe flame (5) until a part of its 
surface glows when held in the air, and 
quickly place it in the jar of oxygen 
with the brass plate covering its mouth 
(Fig. 16). The charcoal will burn 
much more brilliantly and rapidly than 
in air, and will convert the oxygen in- 
to carbon dioxide gas: C + O,=CO,. 
When the combustion ceases, pour into 
the jar some clear lime water from a 
small beaker or test-tube, quickly close 
the jar and shake the liquid inside it ; 
the clear liquid will become milky, 
indicating the presence of carbon 
se dioxide gas, as will be hereafter ex- 
= plained. 
Exp. 6.—Remove the charcoal from 
the deflagrating spoon, and replace it by a piece of su/- 
phur as large as a pea; heat the spoon in the flame until 
the sulphur melts and begins to burn with a pale blue 
almost invisible flame. Then place the spoon in a fresh 
jar of oxygen; the sulphur will at once burn with a 
much brighter flame, converting the oxygen into sulphur 
dioxide gas: S+O,=SO,. The presence of this gas is 
proved by its suffocating smell: also by pouring a little 
water into the jar and shaking it round ; sulphurous 
acid is thus formed, and is recognized by dropping into 
the water a piece of blue litmus paper, which is imme- 
diately reddened ; also by pouring in a few drops of 
red potassium dichromate solution, the color of which 
changes to green. 

Exp. 7.—Burn away from the deflagrating spoon any 
remaining sulphur, and put into it when cold a small 
piece of carefully dried phosphorus not larger than half a 
pea. The phosphorus may be cut with a knife ; it must be 
touched only with the brass tongs or with we¢ fingers, and 
should be handled as little as possible, since it is liable to 
catch fire by the heat of the hand ; it should al ways be kept 
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under water, and dried only immediately before being 
used by pressing it between filter-paper or blotting- 
paper or with adry cloth. Set fire to the phosphorus by 
holding the spoon in the flame and notice how it burns 
in the air; then place the spoon in a jar of oxygen ; the 
phosphorus will burn most brilliantly, producing a 
white substance called phosphoric oxide: P,-+O,;= P.O,. 
When the phosphorus has ceased to burn, pour in a 
little water and shake it round in the jar; the white 
substance will dissolve, yielding phosphoric acid :— 
P,O;+ 83H,O=2H,PO,. The water may now be proved 
to contain this acid by dropping into it a piece of blue 
litmus paper, which will be immediately reddened. 

Test for oxygen.—Oxygen is conveniently tested for 
by introducing into the gas a slip of wood with a spark 
at the end; the spark is caused to burst into flame. 
One other gas possesses this property, but it is readily 
distinguished from oxygen by other means. ‘This test 
only detects oxygen when it is in a nearly pure condi- 
tion. Another test for uncombined oxygen in gaseous 
mixtures is given in experiment 25. 


NITROGEN GAS. 


14, Atmospheric air has been shown to contain oxy- 
gen, but experiment proves that its main constituent is 
another gas called nitrogen. To obtain this gas phos- 
phorus may be burnt in air enclosed over water; the 
phosphoric oxide thus formed is allowed to settle down 
and dissolve in the water; the nitrogen which remains 
will then be found to amount to four-fifths of the air 
employed, and to have the property of extinguishing a 
flame. 

Exp. 8.—The air may be most conveniently enclosed 
in a bell jar, by immersing the mouth of the jar to a 
depth of several inches in water contained in a stone- 
ware pan, and then inserting the cork or stopper into 
its neck (Fig. 17). A small piece of well-dried phos- 
phorus is placed in a little dry porcelain dish, and the 
dish is floated on the water in the pan; the open bell 
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jar is then placed as a cover over the floating dish, with 

its mouth resting on two strips of sheet lead laid upon 

the bottom of the pan; the phosphorus is kindled by 

touching it with the end of a long piece of wire, or of a 

glass rod, which has been heated in the flame; the cork 

or stopper is then immediately inserted, and the jar is 
Fig. 17. 


held down by the hand until it stands steadily. When 
the phosphorus has united with all the oxygen of the 
enclosed. air, it ceases to burn; and as the remaining 
gas, expanded by the heat, cools, water rises in the bell 
jar and fills one-fifth of the space previously occupied 
by the air. ; 

Test for nitrogen.— Water should then be poured into 
the pan until the level inside and outside the bell jar is 
the same; if the cork or stopper is now removed and a 
burning taper or strip of wood is introduced, the flame 
will be at once extinguished by the nitrogen. 


OZONE GaAs. 


15, Oxygen is converted by electricity, and during 
certain processes of chemical oxidation, into a gas known 
as ozone. This gas has a peculiar smell, and possesses 
other properties which distinguish it from oxygen; 
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since, however, it can be both made from oxygen, and 
reconverted into oxygen, without any change of weight 
occurring, ozone is only altered or allotropie oxygen. 

Exp. 9.—Place a piece of phosphorus in a jar of air, 
the bottom of which is just covered with a thin layer of 
water, and close its mouth with a glass plate. Stir a 
little starch powder with some cold water, and pour this 
gradually into water which is boiling briskly in a small 
porcelain dish ; cool this starch solution, and mix a few 
drops of potassium iodide solution with part of 
it in a little porcelain dish ; moisten with this Tiquid a 
strip of filter paper, and suspend it in the jar containing 
the phosphorus. Sooner or later the strip will become 
blue by the action of the ozone, which has been formed 
during the spontaneous oxidation of the phosphorus ; 
the faint garlic smell of ozone will also be perceptible in 
the jar. 


HYDROGEN GAS. 


16. Water consists of oxygen combined with another 
gas called hydrogen; several processes are known for 
preparing hydrogen from water. ‘This gas is, however, 
most readily obtained from certain acids by the action of 
metals upon them. 

Exp. 10.—Fit a two-necked Woulffe’s bottle with 
perforated corks, bearing a thistle funnel whose end 
reaches nearly to the bottom of the bottle and a bent 
tube terminating just below the cork (Fig. 18); then 
adapt a bent delivery-tube by means of a short piece of 
tightly-fitting india-rubber tubing. A wide-necked bot- 
tle, fitted as is shown in Fig. 21, p. 27, may be used in- 
stead of the Woulffe’s bottle. Put into the bottle suffi- 
cient granulated zine to cover the bottom ; replace the 
cork ; ascertain that the apparatus is air tight by closing 
the end of the delivery-tube and blowing down the 
thistle funnel; then pour water in through the funnel 
until the zinc and the end of the funnel-tube are cov- 
ered and add pure strong hydrochloric acid gradually, 
mixing the acid with the water by shaking the bottle ; 
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hydrogen will be seen rising from the zine in numerous 
small bubbles: Zn + 2HCl= H, + ZnCl,. 

Dip the end of the delivery-tube under water con- 
tained in the pan, and allow the gas to bubble out through 
the water for at least five minutes. This delay in col- 
lecting the gas is necessary in order to give the hydrogen 
time to remove the air which filled the bottle, a mixture 
of air with certain proportions of hydrogen being explo- 
sive if kindled. Before collecting larger quantities, the 
escaping gas must be proved to be no longer explosive ; 


Fig. 18, 


this is done by inverting a test-tube filled with water 
over the end of the delivery-tube, closing it with the 
thumb when it is full of gas, removing it from the 
water, and holding its open mouth to a flame; if the 
gas burns with a slight explosion, the tube is again. 
filled with the gas and the experiment is repeated. 
As soon as the gas burns quietly with a pale flame, 
a small thick glass cylinder or tube may be filled 
with hydrogen in the same way as was directed for 
oxygen; the jar is then removed and the gas kin- 
dled. ; 

During the further preparation of gas for the follow- 
ing experiments, it is occasionally necessary to pour in a 
little more strong acid through the funnel-tube when the 
evolution of hydrogen becomes too slow. 

Exp. 11.—Hold another jar of hydrogen for a short 
time with its mouth open and directed upwards, the gas 
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will entirely escape; the absence of the gas may be 
shown by holding a lighted taper in the vessel, when no 
hydrogen flame will be seen. If the cylinder be once 
more filled with hydrogen and held for a short time 
with its mouth downwards, the hydrogen will remain 
in it and will burn with a pale flame when a lighted 
taper is introduced: note, however, that the gas lights 
with a slight report; this is due to admixture of air by 
spontaneous diffusion. These experiments prove that 
hydrogen is much lighter than air, since its tendency to 
rise prevents it from escaping downwards, whilst it 
readily escapes upwards. 

Since hydrogen is so much lighter than air, it can be 
made to replace air instead of water in the vessel in 
which it is to be collected; for this purpose the delivery- 
tube of the hydrogen apparatus is passed up to the top 
of an inverted jar; the hydrogen then gradually pushes 
down the heavier air and fills the jar. 

Exp. 12.—A jar may be filled with hydrogen by dis- 
placement by quickly re- Fic. 19. 
placing the bent tube in 
the cork by a straight aig me 
one eight or nine inches I: 
in length (Fig. 19).— Hi) FR 
When a brisk efferves- \iay 
cence of gas has been | 
caused by pouring in 
some strong hydrochlo- 
ric acid, pass this tube 
up to the top of an in- 
verted jar, and allowthe | 
jar to remain in this po- |_| ——2 
sition for several min- ~~ == ——— 
utes The mouth of the 
jar may be loosely closed during this process by a piece 
of perforated metal or cardboard, which rests upon a 
small piece of india-rubber tubing pushed on the deliv- 
ery-tube; this will hinder the spontaneous mixture with 
the air, or diffusion, which occurs when the gases are in 
contact. 4 : 
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Remove this jar, keeping it inverted, and push up 
inside it a burning wax-taper five or six inches in 
length; the hydrogen will be lighted and will burn 
with a pale flame at the mouth of the jar, but the flame 
of the taper will be seen to be extinguished by the gas: 
the taper may, however, be rekindled by holding it in 
the hydrogen flame burning at the mouth of the jar. 


Exp. 13.—Cover the bottle and funnel-tube with a 
cloth to prevent accident in case of an explosion, and 
light the hydrogen at the end of the delivery-tube used 
in the last experiment. Hold over the flame a tumbler 
or beaker, which is perfectly clean, dry, and cool; the 
inside will become dimmed with moisture, showing that 
hydrogen gas when burning in the air is uniting with 
oxygen and producing water: H,+O=H,0O. 

In order to make this result conclusive the hydrogen 
should be dried before it is burnt, since a gas which has 
been in contact with water is al- 
ways moist, or contains more or 
less vapor of water. The 
may be dried or desiccated by 
passing it through some substance 
which readily absorbs moisture, 
such as strong sulphuric acid or 
calcium chloride. <A_ straight 
tube containing fragments of 
calcium chloride (Fig. 20 a), or 
a U-tube filled with pieces of 
pumice-stone moistened with strong sulphuric acid (6), 
may be connected with the hydrogen apparatus for the 
purpose of drying the gas. 

Exp. 14.—Fill a short, thick glass cylinder with 
water, then invert it ina pan of water; displace one- 
third of the water in the cylinder with oxygen (13, 
Exp. 4), and the remainder with hydrogen (16, Exp. 
10); let the jar stand with its mouth under water for 
five or six minutes to allow the gases to mix; then 
raise the inverted jar and apply a lighted taper: the 
gases will combine to form water with a loud explosion. 


Fia. 20. 
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Test for hydrogen.—Hydrogen gas is recognized by 
burning with a pale flame in air or oxygen, the flame 
of the dried gas depositing water on any cold object held 
above it. 


CarBon Dioxipk, on CARBONIC ANHYDRIDE Gas. 


17. This gas was formerly called carbonic acid, a 
name which is incorrect, since all acids contain hydro- 
gen. 

When carbon was burnt in oxygen (13, Exp. 5) car- 
bon dioxide gas remained in the jar: it may be prepared 
in this way, but is much more easily obtained by pour- 
ing hydrochloric acid upon some pieces of marble : 


CaCO, -f 2HCI=CO, a H,O + CaCl,. 


Chalk or limestone may be substituted for marble, but 
they are apt to froth and to give off the gas too rapidly. 

Exp. 15.—Rinse out the apparatus used for prepar- 
ing hydrogen and place in it some 
smail pieces of marble; fit into the 
india-rubber joint a delivery-tube 
bent at right angles (4), as is shown 
in Fig. 21; then pour through the 
funnel-tube sufficient water to cover 
the marble and the end of the fun- 
nel-tube, and add strong commercial 
hydrochloric acid until the gas comes 
off with brisk effervescence. Place 
the delivery-tube in a jar with its suas 
end nearly touching the bottom, and ===_== = == 
allow the gas to pass into the jar for several minutes. 

It is well to cover the mouth of the jar with a small 
dise of cardboard, which has had a slit or hole cut in it 
for the delivery-tube, so as to hinder diffusion. 

Carbon dioxide, being much heavier than air, will 
soon fill the jar by displacement; that is to say, the gas 
constantly supplied to the lower part of the jar will 
remain there, and, as it accumulates, will gradually lift 
out the air. 
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Since this gas has the property of extinguishing a 
flame, it is easy to ascertain when the jar is full by 
holding a lighted taper just inside its mouth: if the 
flame is extinguished, the carbon dioxide has reached 
the top. 

Garhi dioxide is largely dissolved by water ; hence 
the process of collecting it by displacement is preferred 
to collection over water. 


Exp. 16.—Allow a jar of carbon dioxide to stand 
uncovered and with its mouth upwards for a few min- 
utes ; then place in the jar a burning taper: the carbon 
dioxide is proved to be still present in the vessel by the 
immediate extinction of the flame. Now hold the jar 
for several minutes with its mouth downwards ; on test- 
ing with a lighted taper, only air will be found in the 
vessel. 

These experiments prove that carbon dioxide is 
heavier than air, since it remains in a vessel which is 
open above, and falls out of one which is open below. 

Exp. 17.—As this gas is so much heavier than air, it 

can be poured like water into a 

vessel full of air, A jar full of 

carbon dioxide is gradually 
, tilted a little beyond the hor- 

izontal position (Fig. 22), with 

its mouth over that of a small 

beaker. After holding the jar 

in this position fora short time, 
it may be shown by means of a lighted taper that the 
gas has left the jar and is present in the beaker, 


Exp. 18.—-Pour some lime water from a test-tube or 
small beaker into a jar of carbon dioxide and shake the 
liquid round in the jar: the lime-water will at once be- 
come milky. The lime, which was dissolved in the 
water and was therefore invisible, has been converted 
by the carbon dioxide into chalk or calcium carbonate ; 
and this, being an insoluble substance, remains mixed 
as a white powder or precipitute with the water: 


CaH,O, +CO,=CaCo, + H,O. 


Fia. 22. 
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Carbon dioxide gas readily dissolves in cold water, 
forming a liquid which probably contains carbonic acid : 


CO,+ H,O=H,CO;. This may be proved as follows: 


Exp. 19.—Carbon dioxide is made to displace the air 
from a jar previously half filled with cold water; the 
- mouth of the jar is then tightly closed with the wetted 
palm of the hand, and the gas and water are shaken 
together vigorously for a short time; the mouth of the 
jar will now firmly adhere to the hand, owing to the 
reduction of the internal pressure caused ‘by the absorp- 
tion of the gas. 

A further proof is afforded by dipping the end of the 
delivery-tube (Fig. 21) to the bottom of a small beaker 
containing water, so as to cause the gas to bubble through 
the liquid. After the bubbles have passed for several 
minutes, a few drops of the water may be poured into 
a test-tube containing lime water; the lime water will 
immediately become milky. 

On dropping into another part of the carbonic acid 
solution a little blue litmus solution, or a piece of blue 
litmus paper, the litmus will become red, indicating the 
presence of an acid: preserve this liquid. 

If the liquid containing carbonic acid be tasted it will 
be found to possess a taste resembling that of soda water ; 
and in fact soda water is merely water which contains 
a large quantity of carbonic acid, as may be proved by 
testing it with lime water and with litmus. 


Exp. 20.—Heat some of the water containing car- 
bonic acid in a test-tube until it boils: bubbles of gas 
will rise in the water as soon as heat is applied, and after 
the liquid has been boiled briskly for several minutes, it 
may be proved to be free from carbonic acid by testing 
it with lime water and with litmus. The reddened litmus 
in the carbonic acid solution put by from a previous test 
will also become blue when it is boiled. 

These experiments prove that carbon dioxide may be 
completely expelled from water by boiling the liquid for 
some time. 

4* 
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Exp. 21.—Dilute some lime water in a small beaker 
with an equal quantity of distilled water, and allow 
carbon dioxide gas to bubble through it; a milkiness 
will be produced at first owing to the formation of cal- 
cium carbonate; but if the gas is allowed to pass for 
several minutes through the liquid, the milkiness will 
gradually disappear, showing that calcium carbonate is 
soluble in carbonic acid. . 

On boiling some of this clear liquid, however, for 
several minutes, the carbonic acid will be destroyed, as 
has been already shown; the liquid therefore will become 
milky again, because the chalk can no longer remain 
dissolved. On pouring out the water part of the calcium 
carbonate will remain adhering to the inside of the tube; 
it may be readily removed by rinsing the tube with a 
little hydrochloric acid. 

The above experiment explains the origin of the 
coating or incrustation inside kettles and steam boilers, 
in which hard chalk water has been boiled. Such water 
contains chalk dissolved by carbonic acid; this acid is 
removed when the water is boiled, and a great part of 
the chalk is deposited upon the inside of the vessel. 

Tests for carbon dioxide.—The presence of carbon 
dioxide gas may be detected by its power of extinguishing 
a burning taper, and of turning lime water milky: the 
latter test distinguishes it from nitrogen. ‘These tests 
may now be employed to prove that carbon dioxide is 
evolved from the lungs during the process of respiration, 
and also that it is produced by an ordinary flame. 

Exp. 22.—Invert a jar full of water in a pan of water 
and blow the breath into it through a glass tube, one 
end of which is dipped beneath the mouth of the jar. 
In order to obtain air from the lungs a full breath 
should be taken in, and the greater part having been 
expelled so as to replace the air contained in the wind- 
pipe and mouth by air from the lungs, the remainder 
of the breath is allowed to bubble up into the jar. 
Close the jar, remove it from the pan, and introduce 
into it a lighted taper; the flame will be immediately 
extinguished, 
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Fill another jar in the same way and shake up lime 
water in it; also blow the last part of the breath 
through a glass tube into lime water contained in a 
small beaker ; the lime water will become milky. 

Exp. 23.—Light asmall piece of candle or wax 
taper upon a deflagrating spoon, and place it in a bottle 
of air, the mouth of which is closed by the brass plate 
(Fig. 23). After burning for a short time the flame 
will be extinguished, and if relighted it will be again 
extinguished when placed in the jar ; this is due to the 
production of carbon dioxide, and to the reduction 
of the amount of free oxygen in the yg, 93, 
air. Now pour in some lime water 
from a small beaker and shake“it round 
in the bottle; the liquid will become 
milky. A similar experiment may be 
performed by inverting the bottle over 
a small gas flame, and closing the mouth 
of the bottle with a glass plate as soon 
as the flame is extinguished. The milk- 
iness produced by shaking lime water _ 
in the bottle will. again prove the pro- == 
duction of carbon dioxide by combustion. — 

Hence carbon dioxide gas is constantly being intro- 
duced into the atmosphere by respiration and by com- 
bustion, and we should therefore expect to be able to 
detect its presence in air by the above tests. It is not 
ordinarily present in sufficient quantity to extinguish a 
burning taper, but the presence of carbon dioxide in air 
may be shown by lime water in the following way : 


Exp. 24.—Pour some clear lime water into a watch 
glass or clock glass, and allow it to stand for a few 
minutes in the air; a film of calcium carbonate will 
gradually form on the surface, yielding white flakes 
when the water is stirred. 


18. Nitric oxide gas may be prepared in the apparatus al- 
ready used for making carbon dioxide. The pieces of marble 
are removed and the apparatus washed out; some copper 
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clippings or turnings are then placed in the bottle, and water is 
poured in until the end of the funnel-tube is covered ; strong 
commercial nitric acid is then added gradually until a reddish- 
brown gas appears inside the bottle ; this gas is allowed to bub- 
ble off for a time through water; it may then be collected over 
water, as was directed for hydrogen gas: 3Cu + 8HNO,=2NO 
+ 8Cu(NO,), + 4H,0. 

Nitric oxide is colorless, but it is converted into reddish- 
brown nitrogen trioxide and nitrogen tetroxide when it is 
mixed with free oxygen. 


Exp. 25.—Prove this by filling a jar with nitric oxide gas 
over water, and then either passing oxygen up into it, or allow- 
ing it to stand with its mouth open in the air; the entrance of 
the oxygen or air at once produces red fumes. 

The appearance of red fumes in the preparation vessel is now 
explained; the bottle was at first filled with air, the first por- 
tions of the gas therefore mingled with free oxygen as soon as 
they were produced. 


AMMONIA GAS. 


19. The pungency of common smelling salts is due to 
the ammonia gas which is constantly being given off 
from solid carbonate of ammonia. 

The gas is evolved much more rapidly if either car- 
bonate of ammonia or sal ammoniac is mixed with lime, 
and the mixture is then gently heated. 


Exp. 26.—Powder a little ammonium chloride or 
sal ammoniac ina mortar, and mix with it about an 
equal quantity of slaked lime in fine powder: the am- 
monia gas escaping from the mixture will be readily 
smelt : 


2NH,Cl + CaH,O, = 2NH,+ CaCl, + 2H,0. 


Exp. 27.—Pour liquor ammonic fortissima into a 
small flask (Fig. 24) until it is about one-quarter filled, 
and close the neck of the flask with a tightly- 
fitting perforated cork, into which a straight piece 
of glass tube eight or nine inches long has been fitted. 
Heat the flask gently by a small flame upon a 
piece of wire gauze on a tripod stand: ammonia gas 
will soon be smelt issuing from end of the tube. 

Since it is much lighter than air, ammonia may be col- 
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lected by displacement in a perfectly dry jar; the jar is 
conveniently supported by Fic. 24. 
passing it through the ring 
of a retortstand, and Jetting 
its mouth rest on a card- 
board dise, which is itself 
supported ona ring of india- 
rubber tubing, as is shown 
in the figure. To ascertain 
when the vessel is filled 
with the gas, it is only 
necessary to hold at the 
mouth of the jar a piece of 
moistened red litmus or 
yellow turmeric paper ; if 
the ammonia has filled the 
jar, it will change the color & 
of the litmusto blue and the 
turmeric to reddish-brown. 
Ammonia gas does not burn continuously in cold air, 
but it burns readily in strongly-heated air or in oxygen 
gas. 


Exp. 28.—Show this by holding the end of the de- 
livery-tube, from which a stream of the gas is issuing, 
in the top of a Bunsen flame; a pale yellowish-green 
flame of burning ammonia will be seen. If the ammo- 
nia is kindled as the end of the tube is passed into a jar 
of oxygen, the ammonia will also continue to burn. 

Ammonia is extremely soluble in water and must 
therefore be collected either by displacement or over 
mercury. For this reason the inside of a vessel in 
which ammonia is to be collected should always be 
perfectly dry to prevent absorption of the gas. 


Exp. 29.—Place a jar full of ammonia mouth down- 
wards in a vessel of water, and gently shake the jar so 
as to agitate the water at its mouth; the liquid will 
rapidly absorb the gas and rise in the jar until it fills 
the space formerly occupied by the ammonia: a small 
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space, however, frequently remains filled with the air 
which was present in the ammonia. 

Exp. 30.—Pour a little water rapidly from a small 
beaker into a jar of ammonia gas, and at once cover the 
jar with a glass plate or with the hand; then shake the 
water in the jar; the water, when poured out, will be 
found to have acquired the pungent smell and the action 
upon litmus and turmeric papers which characterize 
the gas. 

This liquid is in fact weak liquor ammonic, a solution 
which is prepared commercially in large quantities by 
passing ammonia gas for some time into cold water. 
It slowly gives off a portion of the gas it contains at 
ordinary temperatures, and furnishes ammonia gas 
readily when heated, as has been already proved. If 
ammonia solution is boiled for some time the gas is 
almost completely expelled from it. 

Exp. 81.—Pour into a glass jar a little strong 
hydrochloric acid, close the mouth with a glass plate 
and shake the acid about inside the jar; hydrochloric 
acid gas will thus be liberated ; the liquid may then 
be allowed to run out by slipping aside the glass 

fre. 95. plate for a moment. Place this jar in 
an inverted position over another con- 
taining ammonia gas and covered with 
a glass plate (Fig. 25 a); then withdraw 
the glass plates, so that the mouths of 
the jars are in contact (6) and the hy- 
drochlorie acid and ammonia gases can 
freely intermingle. Dense opaque white 
fumes of solid ammonium chloride will 
immediately be formed: NH,+ HCl= 
NH, Cl. 

These fumes may also be obtained by dipping a glass 
rod or a strip of filter paper into some strong hydro- 
chloric acid, and holding it in the ammonia gas as it 
issues from the delivery tube of the apparatus (Fig. 24), 
or in a jar previously filled with the gas. 

Tests for ammonia gas.—Ammonia gas may bereadily 
recognized by its pungent smell, by turning moistened red 
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litmus paper blue and moistened turmeric paper reddish- 
brown, also by giving opaque white fumes when in 
contact with any surface moistened with strong hydro- 
chloric acid. 


CarBon MonoxIpE GaAs. 


20. This gas is produced when carbon dioxide is 
passed over red-hot charcoal: CO,+C=2CO. It is 
often formed in this way in open grates, and is seen 
burning with its characteristic blue flame. 

A mixture of carbon monoxide with an equal measure 
of carbon dioxide may be cheaply prepared by heating 
erystals of oxalic acid with strong sulphuric acid : 


¥LC.O, 2H,O a H,SO,= CO -- CO, + H,SO,.3H,O. 


Exp. 32.—Pour upon some oxalic acid crystals in a 
test-tube about twice as much strong sulphuric acid, and 
heat the mixture.* In a short time effervescence will 
be noticed, showing that gas is being evolved ; hold in 
the mouth of the tube a glass rod freshly dipped into 
lime water; the drop of lime water hanging upon its 
end will become milky, proving that carbon dioxide is 
_ present. Hold a burning taper to the mouth of the 
test-tube, a blue flame will be produced by the carbon 
monoxide gas burning in the air. 

In order to free the carbon monoxide from carbon 
dioxide the mixture of the gases is washed with solution 
of caustic soda, or is passed over pieces of solid caustic 
soda or soda lime; the caustic soda absorbs the carbon 
dioxide readily, but allows the carbon monoxide to pass 
on: 


CO + CO, + 2NaHO=CO+ Na,CO;+ H,0. 


* Strong sulphuric acid is a ae corrosive liquid, and great care 
must be taken not to get any upon the skin, the clothes, or the working 
bench; should this or any other acid get upon the skin or the bench, 
it must be at once washed off; if it should be spilt upon the clothes, 
the part must be immediately wetted with ammonia solution, 

If a dilute acid has remained for some time on the clothes it will 

roduce a red stain; this may be removed by ammonia solution, unless 
it has been caused by nitric acid. 
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Exp. 33.—Heat a mixture of oxalic acid crystals and 
strong sulphuric acid in a flask, fitted as is shown in Fig. 
26, carefully moderating the heat when effervescence 
commences. Pass the gases which are evolved through a 
wash-bottle containing caustic soda solution, or through 
a tube (a) or a U-tube (b) shown in Fig. 20, which is 


Fig. 26. 


filled with fragments of slaked lime, caustic soda, or, 
better, soda lime, or with fragments of pumice-stone or 
broken tobacco-pipe stem moistened with strong caustic 
soda solution: if the carbon dioxide is to be completely 
removed, the gases must be passed through two or more 
such tubes or bottles. 

The carbon monoxide gas may be collected over water ; 
it will be found to give no milkiness when it is shaken 
with lime water, unless the stream of gas has been so 
rapid that the caustic soda has not been able to absorb 
the carbon dioxide completely. 

By heating a formate with strong sulphuric acid, 
carbon monoxide alone is given off; it is thus readily 
obtained free from carbon dioxide: NaHCO, + H,SO,= 
CO+ NaHSO,.H,0. 

Carbon monoxide resembles hydrogen in being in- 
flammable and in extinguishing flame; it also explodes 
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when it is mixed with certain proportions of oxygen or 
air and kindled ; hence, before collecting it in a cylinder, 
the gas should be proved to be free from air by filling 
a small test-tube and seeing that it burns quietly. 


Exp. 34.—Push a burning taper up into a jar filled 
with carbon monoxide; the gas will burn with a blue 
flame at the mouth of the jar, but the taper will be ex- 
tinguished. As soon as the gas has ceased to burn in- 
side the cylinder, pour in a little lime water and shake 
it about ; the liquid will become milky, showing that 
by the combustion of carbon monoxide in the oxygen 
of the air carbon dioxide gas is produced : Co + O= CO,,. 

Test for carbon monoxide.—Carbon monoxide is recog- 
nized by burning with a pale blue flame in the air, and 
producing carbon dioxide, which renders lime water 
milky. 


21. Chlorine gas may be made in the apparatus employed for 
the preparation of carbon monoxide (Fig. 26): the washing- 
bottle may either be dispensed with, or it may be partly filled 
with water to free the chlorine from hydrochloric acid gas. 

Exp. 35.—Place some small pieces of manganese dioxide 
in the flask, pour in strong hydrochloric acid mixed with about 
one-third its measure of water, and heat the mixture gently 
in a draught-cupboard or in the open air. A greenish-yellow 
gas will be evolved, which may be collected by displacement, 
since it is much heavier than air: 

MnO, + 4HCl = Cl, + MnCl, + 2H,0. 
This gas has a very destructive action on the lungs, and must 
on no account be inhaled in any quantity. 

Tests for chlorine—Chlorine is usually recognized by its 
yellowish-green color, its peculiar smell, and by its property 
of bleaching moist vegetable colors. 

This last property is shown by placing ina jar of the gas a 
piece of moistened litmus paper, or of Turkey-red fabric dyed 
with madder: the colors of both will be destroyed. A burn- 
ing wax taper plunged into a jar of chlorine continues to 
burn with a very smoky flame: a strip of filter paper wetted 
with hot turpentine catches fire spontaneously in chlorine, and 
gives rise to dense smoke: a piece of dutch-foil or copper-leaf 
also burns when dropped into chlorine. 


22. Hydrogen chloride, or hydrochloric acid gas. 
Exp. 36.—Place in the flask which was used for the prepa- 
5 
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ration of carbon monoxide (Fig. 26) several lumps of rock salt 
or sodium chloride; pour in some strong sulphuric acid and 
heat gently: hydrochloric acid gas will be evolyed: NaCl + 
H,SO,= HCl+ NaHSO,. This gas is heavier than air and 
should be collected by displacement in the same way as car- 
bon dioxide, since it dissolves easily in water giving liquid 
hydrochloric acid, 
Tests for hydrochloric acid.—This gas is recognized by its 
eae smell, by fuming in the air, by turning moistened 
lue litmus paper red, and by giving opaque white fumes with 
ammonia gas or strong ammonia solution ; it will also render 
milky a drop of silver nitrate solution, which has been acidi- 
fied with nitric acid and is then introduced into the gas on 
the end of a glass rod. 


23. Sulphurous oxide, or sulphur dioxide, has been already 
made by burning sulphur in oxygen; prepare it also as is di- 
rected below. 

Exp. 37.—Put scraps of copper into the flask (Fig. 26), then 
pour in strong commercial sulphuric acid and heat: sulphur- 
ous oxide is evolved when the acid nearly boils: Cu-++ 2H,SO, 
= 80, + CuSO, + 2H,0. 

The gas may be cooled and washed by passing it through a 
little water: it is then collected by displacement, since it is 
much heavier than air and is extremely soluble in water. 

Tests—Show by introducing a burning taper into this gas 
that it is incombustible and extinguishes flame: note its pun- 
gent suffocating smell: pour into a jar of the gas some dilute 
solution of potassium dichromate and shake it round, also hang 
paper moistened with the dichromate solution in the jar the 
reddish color is rapidly changed to green: prove also that 
the gas is freely soluble in water, and that its solution is an 
acid. Sulphur dioxide is easily detected by these tests. 


24, Nitrogen monoxide, or nitrous oxide. 

Exp. 38.—This gas may be made by heating solid ammo- 
nium nitrate: NH,NO,=N,O+2H,0. The flask (Fig. 26) 
should be closed by a singly perforated cork bearing a delivery- 
tube bent twice at right angles. The washing-bottle is re- 
placed by a similar flask closed by a doubly perforated cork ; 
the tubes pass just through this cork, and the flask is weighted 
by pouring shot into it, so that it may be sunk into a pan of 
cold water; it serves to condense the steam which escapes with 
the gas and to cool the gas. Nitrogen monoxide is much 
heavier than air and may be collected by displacement, 

Tests for nitrous oxide—This gas has a sweet taste; it kin- 
dles a spark on a splinter of wood, but differs from oxygen by 
causing a flame to burn with a greenish halo around it, and by 
giving no red fumes with nitric oxide. 
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DISTILLATION. 


25. This process serves to separate liquids which boil 
at a comparatively low temperature either from solids, or 
from other liquids which are only converted into: vapor 
at a much higher temperature. It consists in boiling 
the liquid and cooling or condensing its vapor into a 
liquid termed the distillate; the non-volatile solid or 
liquid substances are thus left behind in the vessel in 
which the liquid is boiled. The purification of common 
spring water from the solid substances dissolved in it, 
and the preparation of nitric acid, will serve as examples 
of this process. 

Exp. 39.—Distillation of water —Pour tap water into 
a clean retort (Fig. 27) through a funnel placed in the 
mouth or in the tubulure, until the bulb of the retort is 
half full. Support the retort on the ring of a retort 
stand or upon a tripod stand, with its neck sloping 
downwards and dipping into a small, clean flask, which 
is partly immersed in cold water contained in a pan or 


Fig. 27. 


bowl. On carefully boiling the water in the retort, 
steam will pass into the flask and will be there condensed 
to distilled water. The first portion of the distillate 
should be shaken round in the flask and thrown away, 
as it is apt to have been rendered impure by rinsing 
the neck of the retort and the flask. 

While this process of distillation is going on, add tosome 
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tap water in a test-tube several drops of nitric acid and 
of silver nitrate solution, and notice that the water be- 
comes milky ; this result shows the presence of a chlo- 
ride in the water. 

A separate portion in another test-tube will also be 
found to become milky on the addition of some ammo- 
nia and ammonium oxalate solution ; the dissolved lime 
or calcium salts produce this turbidity. 

The presence of a sulphate may be proved by adding 
to another portion a few drops of hydrochloric acid and 
of barium chloride solution. 

If the distilled water from the flask be examined 
in the same way it will remain clear, showing that 
these solid substances have been removed by distilla- 
tion. 

Show also the precipitation of soap by the undistilled 
water. For this purpose dissolve a small shaving of 
ordinary soap by warming it in a little distilled water : 
add a few drops of this soap solution to some tap water 
which half fills a test-tube ; close the mouth of the test- 
tube with the thumb, and shake the water well: no 
lather will form, but the water will appear more or less 
turbid owing to the separation of the soap. Repeat this 
experiment, substituting an equal quantity of distilled 
water for the tap water, and adding soap solution to it 
in the same quantity as before: in this case a lather will 
form on shaking the water, and the liquid will not be- 
come turbid. 

Tests for distilled water.—Distilled water should re- 
main perfectly clear when to separate portions of it are 
added solutions of ammonium oxalate, silver nitrate, 
barium chloride, and ammonium sulphide: these tests 
prove the absence of calcium salts, chlorides, sulphates, 
and of lead and iron salts respectively. Distilled 
water should leave no residue when it is evaporated to 
dryness. 

Exp. 40.— Preparation of nitric acid.—Cleanse the re- 
tort from the last experiment by shaking round in the bulb 
a little dilute hydrochloric acid, and thoroughly rinsing 
it out with water; let it drain for a few minutes, and then 
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pour in some solid nitre or potassium nitrate; add to 
this, through a funnel placed in the neck or tubulure, a 
quantity of strong sulphuric acid about equal in weight 
to the nitre used; and in case a non-tubulated retort is 
employed, allow the acid to drain off the neck by sup- 
porting it for some time in an upright position. Pro- 
ceed to distil just as in the preceding experiment; a 
yellow oily liquid will trickle down the neck of the 
retort into the flask; this liquid is somewhat impure 
nitric acid; it will be found to fume strongly in the 
air: KNO,+ H,SO,=HNO,+KHSO,. 

The liquid remaining in the retort should be poured 
out as soon as it is cool; the retort is then rinsed with 
water. 


Test for nitric acid.—Pour a little of this acid upon 
some small pieces of copper in a test-tube; reddish- 
brown fumes will appear in the tube either at once or 
on gently warming it; an explanation of this result is 
given under nitric oxide on page 32. This property of 
giving red fumes when treated with copper is often used 
as a test for nitric acid. 


5* 


SECTION iis 
ANALYTICAL OPERATIONS. 


In all analytical work the water used must be distilled water, 
and this only should be kept in the wash-bottle. 


Before commencing the analytical reactions, the stu- 
dent should become familiar with the operations which 
are constantly employed in chemical analysis. The 
processes will be easily understood by reading through 
the following descriptions and performing the experi- 
ments given in illustration of them. 


SOLUTION. 


26. Many solid substances, when they are stirred or 
shaken with water, gradually dissolve in that liquid ; 
salt and alum may be mentioned as examples. Other 
liquids may be employed instead of water, and if they 
cause solid substances immersed in them to become par- 
tially or entirely liquid, and to mingle uniformly with 
the liquid, they are said to dissolve the solids. The 
liquid thus obtained is called a solution of the solid, and 
the liquid which dissolves the solid is termed the solvent. 
Further, a solid which dissolves in a liquid is said to be 
soluble in that liquid; if it does not dissolve, it is said 
to be insoluble. Thus water when shaken with sodium 
chloride, or common salt, dissolves it, yielding solution 
of sodium chloride; water is therefore called a solvent 
for sodium chloride, and this salt is said to be soluble 
in water. 

The process of solution is most rapid when the solid sub- 
stance in the state of powder is stirred in the liquid, since 

42 
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the largest possible surface of the substance is thus 
exposed to the solvent ; solution is also much hastened 
by heating the solvent, since this causes a more rapid 
circulation of the liquid over the solid, and usually in- 
creases the solubility of the substance. 


Two kinds of solution may be distinguished. 

Simple solution occurs when a substance dissolves in 
a liquid without alteration in composition ; the solution, 
therefore, possesses the taste, color and other general 
properties of the solid; it also yields the solid substance 
again when the solvent is removed by evaporation. 
Solution of sodium chloride in water is an example of 
a simple solution. 

‘Chemical solution, on the other hand, is always 
attended by a chemical.change in the substance to be 
dissolved ; the solution, therefore, contains a substance 
differing in composition from the undissolved solid, and 
on removing the solvent by evaporation the original 
substance is not obtained. 

Exp. 41.—Place a piece of potassium nitrate in a 
small, clean beaker; partly fill the beaker with water 
and stir the solid about with a glass rod; the potas- 
sium nitrate will slowly dissolve in the water; if the 
liquid be heated by placing the beaker on wire gauze 
over a small flame, the solution will be much more 
rapidly effected. 

Powder another piece of potassium nitrate by crush- 
ing it in a mortar, and then rubbing it round with the 
pestle ; place this powder in a beaker, pour in water, 
and heat the bottom of the beaker; the potassium 
nitrate will dissolve much more rapidly than before, 
showing that solution is accelerated by powdering the 
solid and by employing heat. Keep these solutions, 


Exp. 42.—Powder a little copper sulphate in a 
mortar, transfer it to a small porcelain dish, half fill the 
dish with water, and heat it with a small flame upon a 
pipe-clay triangle placed on a tripod or retort stand. 
The blue copper sulphate dissolves, yielding a blue 
solution. Keep this solution. 
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These experiments are examples of simple solution. 
The first shows that a colorless solid gives a colorless 
solution, and the second that a colored solid gives a 
colored solution. This is generally true, and hence 
the presence or absence of a colored substance in a 
solution can often be inferred by merely noting the 
color of the liquid. 

Moreover, if a drop of the potassium nitrate solution 
be tasted, it will be found to possess the same taste as 
the solid; chemists occasionally rely upon taste, as well 
as upon color, when examining simple solutions. 

Exp. 43.—Place in a test-tube a small piece of mar- 
ble or calcium carbonate, pour upon it a little water 
and heat the tube; the calcium carbonate will be found 
to be insoluble in water. Add to the water some hydro- 
chloric acid : effervescence, or escape of numerous small 
bubbles of gas, will occur’; the piece of calcium carbo- 
nate will meanwhile slowly diminish in size, and will 
at last entirely disappear in the liquid if sufficient acid 
is added. 

Exp. 44.—Place in a test-tube a small piece of cop- 
per; on warming this with a little water it remains 
undissolved ; but on adding to the water some nitric 
acid and heating, the copper slowly dissolves, giving off 
red fumes; it may be entirely dissolved if sufficient 
nitric acid is employed. 

These are two examples of chemical solution; the 
calcium carbonate is changed by the hydrochloric acid 
into calcium chloride, and this substance, not the calcium 
carbonate, remains in solution. The copper is changed 
into copper nitrate, which is then dissolved by the water. 
It will be noticed that in each of these cases a gas is 
given off; this is a very usual, but not a universal, 
effect of chemical solution: the distinguishing fact is 
that the-solid substance has undergone a chemical change 
in the act of passing into solution. 


EVAPORATION. 


27. When it is wished to obtain a substance, which is 
dissolved in a liquid, in the solid condition, the liquid is 
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boiled away as vapor or evaporated; the solid sub- 
stance is then left behind in the vessel. 


Exp. 45.—Pour the potassium nitrate solution from 
Exp. 41 into a porcelain evaporating basin, and heat it 
over the Bunsen flame until the water has been nearly 
boiled away ; then make the flame smaller and continue 
heating until the water has disappeared: the solid po- 
tassium nitrate will be left in the dish. 

In evaporating a solution, a small flame should always 
be used towards the end of the process; and to prevent 
the substance from spurting out of the dish, the flame 
should be moved about, or the dish may be covered with 
a round filter paper. 

Often only a part of the liquid is evaporated for the 
purpose of concentrating the solution or removing a por- 
tion of the solvent. A hot solution, when sufficiently 
concentrated, will frequently deposit erystals of the dis- 
solved substance if it is allowed to cool. 


Exp. 46.—Concentrate the copper sulphate solution 
made in Exp. 42 and allow the liquid to cool ; if suf- 
ficient water has been evaporated, crystals will form: 
keep the copper sulphate in the dish. 


PRECIPITATION. 


28. Two perfectly clear and transparent solutions, on 
being mixed together, often become more or less turbid 
or opaque, owing to particles of a solid substance heing 
formed in the liquid : a solid substance thus produced is 
called a precipitate. 


Exp. 47.—Pour into a test-tube some barium chloride 
solution, then add ammonium carbonate solution ; a white 
precipitate of barium carbonate will form : keep this test- 
tube with the precipitate. 

In this instance barium chloride and ammonium car- 
bonate separately dissolve easily in water ; but if their 
solutions are mixed they yield by a chemical change two 
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different substances, ammonium chloride and barium 


carbonate ; the former of these dissolves in water, but the 
latter is insoluble and therefore remains as a fine powder 
in this liquid. 

A substance is frequently removed from solution by 
causing it to form an insoluble compound or precipitate ; 


the substances which are added for the purpose are termed 


reagents : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed ; mixture may be effected by 
closing the mouth of the test-tube with the thumb and 
several times inverting it ; or, if the liquid is hot or corro- 
sive and must not be allowed to touch the skin, the liquids 
may be mixed by warming the bottom of the test-tube in 
the flame, by stirring the liquid with a glass-rod, or by 
pouring it from one vessel to another. 

A precipitate is often caused to appear more rapidly by 
thoroughly mixing or agitating the liquid, or by warming 
it. 


Precipitates differ much in appearance and properties ; 
and are therefore frequently produced by the addition of 
suitable reagents in order to show the presence of a sub- 
stance, or to separate one substance from another. 


The appearance of a precipitate is usually described by 
its color and its condition ; it is flocculent if it forms in 
flock-like masses, crystalline if it consists of small par- 
ticles which are seen to be crystals under a lens or micro- 
scope, gelatinous if jelly-like. A slight precipitate causes 
only a turbidity in a liquid. 

The color of a precipitate or liquid is often falsified by 
gaslight; if the color is to be seen at night, it should be 
examined with the light produced by the electric are or 
by a piece of burning magnesium ribbon. 


Occasionally solid substances are used to produce pre- 
cipitates : thus a metal is not unfrequently precipitated 
from the solution of its salt by the immersion in it of 
another metal. 


Exp. 48.—Dipa clean penknife blade into some of the 
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copper sulphate solution left from Exp. 46, to which 
a few drops of sulphuric acid have been added ; after a 
short time the metal copper is precipitated from its so- 
lution and covers the iron as a red film, 


FILTRATION. 


29. This process serves to separate a precipitate from 
a liquid in which it is suspended. 

The liquid containing the precipitate is poured upon 
porous paper; the liquid itself runs through the pores 
of the paper, but the solid particles of the precipitate 
are retained upon the surface of the paper. ‘The paper 
employed is called filtering paper and the liquid which 
runs through is termed the filtrate. A filtrate may fre- 
quently be colored by some substance dissolved in it, 
but it must always be perfectly free from turbidity 
caused by solid particles suspended in it. 

Exp. 49.—Measure a glass funnel along its sloping 
side from shoulder to rim (Fig. 28). Select 
a circular filter paper, the radius of which is Fre. 28. 
somewhat less than this in length: foldit == 
across, then again at right angles and open | 
it out into the little conical bag (d, Fig. 29). 

If ready-cut filters are not at hand, cut a 
square piece of filter paper whose edge is 

rather less than double the length of the side 
- of the funnel; fold it over along the dotted line (a, Fig. 
29), then again along the dotted line (b); this gives a 
- square (ce) which at one angle has four free corners ; 

these are removed by cutting with a pair of scissors along 
the curved dotted line shown in (c). The filter is now 
made and only requires to be opened; by separating the 
_ eurved edges so that they form a circle, three remaining 
on one side of the circle and one on the other, a little 
_ closed pointed paper bag is formed (d). 
A filter of the same shape may be made from half an 
_ ordinary circular paper by folding this into a quadrant, 
doubling over the radial edges several times, and pressing 
them down sharply with the finger nail. This dispenses 
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with the unused half of the filter, and renders filtration 


more rapid. 
Fia. 29. 


mie 
A. 
, \ 


The folded filter is gently pressed with dry fingers 
into the dry funnel, and the folding is altered, if neces- 
sary, until the paper fits the glass 

Fig. 30. closely ; it is then moistened all 

over with water from the wash- 
bottle and is ready for use. ‘This 
preliminary moistening of the filter 
paper must not be neglected ; since 
if the liquid and precipitate are 
poured upon a dry filter, some par- 
ticles of the precipitate may get 
between the fibres of the paper, 
and these, shrinking when they are 
wetted, retain the solid particles, 
which choke the pores of the filter. 
The funnel may be placed with 

, its neck in a test-tube which is 
, supported in its stand; care must, 
mj) however, be taken that the inside 
"of the upper part of the test tube 

is dry, and that there is a space between the neck of the 
funnel and the inside of the tube, for if the egress of 
air is prevented the filtration is stopped. The funnel 
is therefore preferably supported upon the ring of a 
wooden filter stand (Fig. 30), the filtrate being received 
in a small beaker instead of in a test-tube. Great care 
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must be taken whilst pouring in the liquid not to let it 
reach the upper edge of the filter paper. 

Exp. 50.—Filter the liquid containing the precipitate — 
of barium carbonate from Exp. 47. If the above di- 
rections have been carried out, and no hole has been 
made in the paper whilst preparing or fitting in the fil- 
ter, the filtrate will run through perfectly clear, leaving 
the barium carbonate on the filter. Keep the funnel 
with the filter and precipitate. 

The filter must always be of such size that when 
placed in the funnel its edge is below the rim. Some- 
times the filtrate runs through turbid ; the whole, or the 
first portions of it, must then be poured once or twice 
through the same filter; or a double filtration may be 
performed in one operation by pouring the liquid at once 
through a double filter. 

It should be borne in mind that a liquid passes through 
the filter most quickly when hot; hence, if not inadmis- 
sible for other reasons, a solution should always be 
boiled before being filtered. 

Common filter paper contains a little calcium carbo- 
nate; this is of no importance in an ordinary analysis, 
and is only objectionable when an acid solution has to 
be examined for traces of calcium after filtration. To 
remove this impurity the filters are moistened in a fun- 
nel with dilute hydrochloric acid, and are then well 
washed with distilled water. Filters may, however, be 
obtained at small cost which are practically free from 
soluble matter. 


DECANTATION. 
30. Precipitates which settle rapidly may frequently 
be separated without the _Fia. 31. 


use of a filter. The ves- 
sel is allowed to stand at 
rest until the precipitate 
has settled; the liquid is 
then carefully poured off 
or decanted by gently in- 
clining the vessel: a wet- ; 
ted glass rod, pressed against the edge or lip of the 
6 
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vessel (Fig. 31), prevents disturbance of the precipitate. 


_ This process, if carefully performed, effects a fair sepa- 
ration of heavy precipitates. 

_ Exp. 51.—Add dilute sulphuric acid to some boiling 
solution of barium chloride; a heavy precrpitate of ba- 
rium sulphate will be formed: this may be readily 
separated from the liquid by decantation. Keep the 
precipitate in the test-tube. 


WASHING PRECIPITATES. 


31. A precipitate which has been separated from the. 


liquid in which it was suspended must usually be washed 
until it is perfectly free from the adhering solution. 


Exe. 52.— Washing on the filter——Support the fun- 
nel, which contains the filter and barium carbonate 
precipitate from Exp. 50, in a filter stand above a 
beaker or flask ; blow into it a fine stream of hot distilled 
water from the wash-bottle, so directing the jet as to 
stir up the precipitate: fill the paper to within a short 
distance from its edge; let this water run through per- 
fectly, then nearly fill the filter again in the manner just 
described ; repeat this process three or four times, letting 
the liquid run through completely each time before 
adding a fresh quantity. ‘The precipitate and filter will 
usually thus be freed from everything soluble in water 
and the water running through will be tasteless. As- 
certain whether the washing is complete by collecting 
the last few drops of the washing water in a clean test- 
tube, and adding to it a drop of silver nitrate solution: 
no turbidity, indicating the presence of dissolved chloride, 
must be produced. If turbidity appears, the washing 
must be continued and the washing water again 
tested. 


Exp. 53.— Washing by decantation.—The precipitate 
of barium sulphate from Exp. 51 may now be washed by 
decantation. Hotwater is added, and isshaken, stirred, or 
boiled with the precipitate, which is then allowed to settle; 
when the water has become clear it is poured off'as isshown 


82, 33.] DRYING PRECIPITATES. 51 


in Fig. 31. By repeating this washing process several 
times, with addition of fresh portions of boiling distilled 
water, the precipitate may be entirely freed from the 
adhering solution. As the washing water runs from the 
funnel, test it occasionally with blue litmus paper to 
ascertain when it ceases to redden the paper and is there- 
_ fore free from acid. 


DryING PRECIPITATES. 


32. A precipitate is dried by placing the funnel in a 
hollow tin cone or cylinder, called a_fil- Pasa 
ter dryer (Fig. 32); this is supported 
on a piece of iron wire gauze upona 
tripod stand over the flame of a rose- 
burner turned very low, or upon a 
heated iron plate or sand bath. The 
funnel is thus exposed to a current of 
hot air, which rapidly dries the filter 
and precipitate. Great care must be 
taken so to regulate the heat as not to 
char the filter. 

A precipitate may be more rapidly dried by draining 
it in the funnel, then removing the filter and spreading 
it upon a piece of wire gauze supported on the ring of a 
retort stand or upon a high tripod stand; a small flame 
from a rose-burner is then placed beneath the gauze at 
_ a sufficient distance to prevent any risk of charring the 

aper. . 
4 7 precipitate is partially dried by opening out the fil- 
_ ter which contains it upon several dry filter papers, and 
allowing them to absorb the water: this process may 
precede those already- mentioned. 


REMOVING PRECIPITATES FROM THE FILTER. 
33. A small quantity of a moist precipitate may be 
_ taken from a filter most readily by dipping the end ofa 
_ glass rod into it; if a watch glass or the interior of a 
- test-tube is then touched with the end of the rod, a por- 
_ tion of the precipitate is deposited for further test or 
_ examination. 
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A bulky precipitate may often be taken out of the fil- 
ter in sufficient quantity by means of a glass or porce- 
lain spatula. 

If the precipitate is to be removed from the filter as 
completely as possible, several methods are available ; 
one or other of those described below must be chosen, 
according to circumstances. 

a. A hole may be made in the bottom of the filter by 


means of a glass rod, which is pushed down through the — 


neck of the funnel: the precipitate is then easily washed — 


down into a vessel beneath by a fine stream of water or 
other liquid from the wash-bottle. 
6. The funnel may be held with its neck horizontal, 
Fic. 33. and with its rim just inside the edge of 
a porcelain dish (Fig. 33); the precip- 


tle against the inside of the filter. 

. c. The filter and’ precipitate are al- 
lowed to remain in the funnel for some time in order to 
allow as much water as possible to drain away ; the filter 
is then carefully taken out of the funnel and further 
dried, if necessary, by laying it upon several folds of filter 
paper ; after removing the portions which contain no 
precipitate, the filter is spread out inside a porcelain 
dish ; the liquid with which it is to be treated is then 
poured into the dish, and by shaking this round and 
carefully rubbing the "filter with the rounded end of a 
glass rod, the precipitate is washed off without tearing 
the paper. The filter paper is then carefully removed 
by a glass rod. 

d. If it is undesirable to add a liquid to the precipitate 
upon the filter, the filter and precipitate are allowed to 
drain for a short time, and are then removed from the 
funnel ; the precipitate may be further drained, if neces- 
sary, by laying the filter on several dry filter papers. 
The filter is then spread out upon a flat piece of glass, 


and the precipitate is carefully scraped off with a glass — 


rod pressed flat upon the paper, or with a small spatula. 


This method is usually the most imperfect, but is fre- — 


quently the best for other reasons. 


i 


itate is then washed out by directing a — 
fine stream of water from a wash-bot- — 
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__e. Ifa precipitate is to be dissolved off the filter, the 
liquid to be used as a solvent is heated and poured upon 
the precipitate ; it will run through the filter into a ves- 
sel placed below, taking with it the precipitate in solu- 
tion. The liquid, after it has run through, should be 
heated again and once more poured upon the precipi- 
tate if the latter is not entirely dissolved ; the liquid is 
reheated and returned to the filter in this way as long 
as anything remains undissolved ; if any portion of the 
precipitate still remains, it must be removed by the use 
of a fresh portion of the solvent. 


Exp. 54.—Remove in this way the precipitate of 
barium carbonate (Exp. 52) from the filter by means of 
hot dilute hydrochloric acid. 

f. A precipitate may also be removed from the filter 
by means of the liquid with which it is to be treated or 
dissolved in the following manner: The funnel is 
supported over a suitable vessel; the liquid is poured 
in and quickly stirred up with the precipitate by means 
of a thin glass rod; the bottom of the filter is then 
pushed out through the neck of the funnel by the glass 
rod, and the liquid carrying the precipitate will run 
through ; if some of the precipitate remains on the filter, 
the liquid is poured again through the filter ; by repeti- 
tion of this process all the precipitate may be removed. 


~ 


User or Test PAPERS. 


34. The two vegetable coloring substances, litmus and 
turmeric, undergo marked changes of color when they 
are acted upon by certain substances. These changes 
serve to indicate whether a liquid or gas is acid, alka- 
line, or neutral. The analyst is usually provided with 
slips of paper which have been stained with solutions 
of these coloring substances ; they are known as test 
papers, and are easily distinguished by their color. 
The following experiments will explain their use: 

; 6% 
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Exp. 55.—Aeid, alkaline, and neutral reaction.—Dip 
a clean glass rod successively into dilute hydrochloric 
acid, ammonium hydrate solution, and barium 
chloride solution: after each immersion of the rod, 
draw its end wetted with the solution successively 
across blue litmus paper, red litmus paper, and yel- 
low turmeric paper ; the following results will be ob- 
tained : . 

Hydrochloric acid reddéns blue litmus, but does not 
alter the color of red litmus or of turmeric: it pos- 
sesses an acid reaction. ast | 

Ammonium hydrate solution does not affect the color 
of blue litmus, but blues red litmus and browns the 
turmeric : it shows alkaline reaction. 

Barium chloride solution does not affect the color of 
any one of the test papers : its reaction is neutral. 

Each of these liquids is typical of a large class of 
substances as far as its behavior with these test papers 
is concerned. 


Exp. 56.— Neutralization: addition of acid and alkali 
in excess.—Pour some dilute hydrochloric acid into a 
porcelain dish ; add solution of ammonium hydrate 
drop by drop, constantly stirring the liquid with a glass 
rod and touching the wet end of the rod against a piece 
of blue litmus paper; by care a point may be reached 
at which the liquid does not affect the color of either 
blue or red litmus paper ; the acid isthen said to have 
been neutralized by the alkaline liquid. Add another 
drop of ammonium hydrate and the liquid will acquire 
an alkaline reaction: the alkaline solution is then said 
to have been added in excess. 

It will now be easily understood how an alkaline 
solution may be neutralized with an acid, and how it 
may be acidified or mixed with acid in excess. 

The process of neutralizing a liquid is most readily 
completed by the addition at the last of very dilute acid 
or alkaline solution, . 

In seiecting between red litmus and turmeric test pa- 
pers for the detection of an alkaline reaction, it should be 
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remembered that turmeric is usually more sensitive than 
red litmus, but that it fades quickly when exposed to 
daylight. 

A very turbid liquid often forms a deposit on test 
paper which conceals its color: the color is, however, 
usually visible on the back of the paper, or may be 
easily seen when the deposit is washed off by a stream 
of distilled water from the wash bottle. 

Test papers must always be kept in a stoppered 
bottle in order to guard them against change by fumes 
in the laboratory air: the bottle should be shielded 
from light as much as possible. 


IGNITION. 


35. Solid substances are occasionally heated strongly 
or ignited in order to study the effect of heat upon them, 
since by this means their composition or nature is fre- 
quently revealed more or less completely. Ignition also 
serves to remove volatile from non-volatile substances. 

Exp. 57.—Heat some zine oxide in a small igni- 
tion tube; its color will be lemon yellow whilst hot, 
but will change to white again on cooling. These 
changes of color show the substance to be zine oxide. 
In the early stage of the heating drops of water will 
probably condense in the upper part of the tube, prov- 
ing the presence of moisture. 

Exp. 58.—Heat a little mercuric oxide in a small 
test-tube or ignition tube (6); after a short time minute 
shining drops of the metal mercury will be seen in the 
upper part of the tube; if then a small splinter of 
wood with a spark at its end be held in the tube, it will 
burst into flame. The behavior of this red powder 
on being ignited shows that it contains the elements 
mercury and oxygen. 

Exp. 59.—Heat a few particles of charcoal powder 
_ on platinum foil by directing the tip of the blowpipe 
flame against the under surface of the foil; the char- 
' coal will slowly burn away; this behavior is peculiar 
to carbon and to a few other combustible substances. 

Exp. 60.—Heat a piece of ammonium chloride in a 
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small test-tube; the ammonium chloride being volatile 
will pass off as vapor, or volatilize, and the yapor 
cooling in the upper part of the tube will form a coat- 
ing or sublimate. 

Exp. 61.—Heat in the same way a small piece of 
potassium chloride ; this will melt, but will not disap- 
appear, since it is only slightly volatile ; it will become 
solid again on cooling. 

Hence, if a mixture of ammonium chloride and potas- 
sium chloride is heated on platinum foil, the potassium — 
chloride alone is left in the residue, since the ammo- 
nium chloride is removed as vapor. 

Large quantities of substance are usually ignited 
either in porcelain or in platinum vessels. 

It is a necessary condition of simple ignition that the 
substance shall not undergo chemical alteration by con- 
tact either with the flame or with the substance of the 
vessel or support. 


Fusion with REAGENTS. 


36, A substance is often melted or fused with certain 
solid reagents in order to cause chemical changes to oc- 
cur which yield a characteristic result. 

Exp. 62.—Place on a piece of platinum foil a little 
powdered sodium carbonate and potassium nitrate, and 
then add a minute quantity of manganese dioxide ; hold 
the foil with crucible tongs in the top of the Bunsen 
flame, or heat the under surface of the foil with the 
point of the blowpipe flame. The mass will soon melt 
or fuse, and should be kept in a melted state for a short 
time and then allowed to cool. A bluish green mass 
will remain upon the foil, the color of which is due 
to the sodium manganate which is formed by the 
fusion; this color is produced only when manganese 
is present, and serves therefore as a test for that 
metal. 

In this experiment the solid substances alone react 
upon one another, the gases of the flame taking no part 
in the change, 
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FLAME REACTIONS. 


37. The use of the blowpipe has been already ex- 
plained (5), but hitherto this instrument has been con- 
sidered only as a means of obtaining a hot compact 
flame playing in any desired direction. 

The gases of either the blowpipe or the Bunsen flame 
may, however, play the part of reagents in affecting the 
composition of the substance which is being heated. 
In order to understand the nature of these changes 
the structure of the flame must be carefully ob- 
served. 

In a well-formed blowpipe or Bunsen flame two parts 
may be distinguished: the inner flame, which is blue and 
pointed, and around and beyond this an almost. color- 
less flame known as the outer flame. The inner flame is 
often called the reducing or deoxidizing flame, because it 
separates or reduces metals from their oxides and from 
many of their compounds, and in general deoxidizes sub- 
stances ; this is due to the action of the hot but unburnt 
hydrogen and carbon present in this part of the flame. 
The outer flame is also known as the oxidizing flame, be- 
cause it changes metals into their oxides and oxidizes 
many other substances by exposing them to oxygen at a 
high temperature. 

The inner flame is best obtained of large size by plac- 
ing the tip of the blowpipe nozzle only in the very edge 
of the flame: whilst the outer flame is better developed 
when the nozzle is pushed much further into the 
flame. The reducing flame is also furnished most 
readily when the gas flame is made somewhat lum- 
inous by partially closing the air-holes of the Bun- 
sen burner: the oxidizing flame is most perfectly 
formed when the Bunsen flame contains much more 
air. 
In the following processes the results obtained will 
usually vary according to the part of the flame in which 
the substance is heated : 

38. Fusion with boraa: theborax bead.—Certain metals 
and their compounds when fused with borax are converted 
into colored borates: the color of each of these borates is 
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characteristic either in itself or in the changes which it 
undergoes in the outer or inner blowpipe flame. 

Exp. 63.—Place a little powdered borax on a watch 
glass ; moisten the loop of a piece of mounted platinum 
wire (7) and dip it into the borax ; then hold the loop 
with the adhering powder in the outer blowpipe flame 
until the borax melts. If the bead thus formed does 
not fill the loop, dip the melted bead again into the 
borax ; more powder will adhere and may be melted in 
the flame. In this way powder is to be constantly 
added until a drop or bead is obtained which completely 
fills the loop. This bead must be perfectly colorless 
and transparent when it is cold. 

If the melted bead easily drops from the wire, either 
the loop or the bead is too large. A loop which is some- 
what less than an eighth of an inch across answers well ; 
it is made by rolling the tip of the wire round a piece of 
rod. If the bead is too large, remove a portion by giv- 
ing the wire a sudden jerk whilst the borax is in a fused 
condition. 

If the bead shows any color, it is jerked off whilst 
fused and another bead is made from fresh borax; this 
process is repeated, if necessary, until a bead is obtained, 
which, after having been heated in the outer blowpipe 
flame, is colorless both hot and cold. 

Moisten the clear cold borax bead and dip it into some 
finely-powdered manganese dioxide; a few minute par- 
ticles only are to be thus attached to the bead. Then 
fuse this substance into the bead by heating it for a short 
time in the tip of the outer blowpipe flame, and at once 
examine the color of the bead by looking through it 
at a piece of white paper or at a window light or bright 
flame ; it will be purple or amethyst red whilst hot, and 
its color will not alter on cooling. Now heat the bead 
again for some time in the tip of the inner blowpipe 
flame; its color will vanish, but will reappear when 
the bead is heated at the tip of the outer blowpipe flame. 
These changes of color in the borax bead characterize 
the metal manganese. 

A beginner often obtains at first a bead which is opaque, 


39.] IGNITION ON CHARCOAL. 59 


owing to the use of too much manganese oxide: if this 
should happen, the bead may be fused and a portion of 
it shaken off and replaced by fresh borax. 

The bead is detached while it is liquid by giving the 
wire a sudden jerk; it may also be removed when cold 
by crushing it on a hard flat surface by a sharp blow 
with the pestle. 

Two mounted platinum wires should be kept, their 
loops when not in use being always immersed in dilute 
hydrochloric acid; they will then only require to be 
washed with water before being used. 


39. Ignition on charcoal in the blowpipe flame.— 
Wood charcoal, on account of its cheapness, its infusibil- 
ity, and its non-conducting power, is a very useful sup- 
port for substances which are to be strongly heated in 
the blowpipe flame. 

It is often, however, selected on account of the re- 
ducing or deoxidizing power which it can exert at a high 
temperature, which renders it entirely unsuitable for 
oxidizing processes such as that described in Exp. 62. 


Ignition on charcoal therefore serves chiefly to detect 


the presence of the heavier metals: these are smelted 
out by the reducing action of the inner blowpipe flame 
aided by that of the red-hot charcoal. The assistance of 
other solid reagents is, however, often necessary or at 
least advantageous. The vapor of some metals burns 
as it leaves the charcoal, and the metallic oxide is de- 
posited as an incrustation. Fig. 34. 

The white ash left by com- 
bustion of the charcoal must 
not be mistaken for such an 
incrustation, 


Exp. 64.—Choose a piece 
of wood charcoal which is 
free from large cracks, and 
which does not crackle or spit 
when heated in the blowpipe 
flame ; scoop out a small hol- 
low near one end of it with a knife or with a charcoal 
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borer ; place in this cavity a small quantity of powdered 
lead acetate and sodium carbonate, and mix the pow- 
ders together in the cavity with the point of a pen- 
knife. Heat this mixture in the inner blowpipe flame, 
holding the charcoal in such a way that the rest of the 
flame plays over its surface (Fig. 34). 

Bright globules of lead will soon be visible in the 
cavity ; and on removing the charcoal from the flame, 
the surrounding surface will be found to be colored 
with a yellow incrustation. 

One of the little globules of metal should be taken off 
the charcoal with the point of a penknife, and struck 
smartly with the pestle on the bottom of the inverted 
mortar ; it will flatten out into a cake, showing that the 
metal is malleable and not brittle. 

Another globule, when cleansed and stuck on the point 
of a penknife blade, will be found to mark paper as 
black lead does. 

Lead compounds alone give a yellow incrustation and 
malleable globules which are soft enough to mark paper ; 
this test therefore serves to detect their presence. 

40. Washing and levigation of the residue left on the 
charcoal.—Metallic globules produced as is directed in 
the preceding experiment are usually visible, at least 
with the aid of alens ; they are also easily detached from 

Fig. 35. 


the charcoal. But fine metallic particles or scales are 
usually only detected and separated by detaching the 
fused residue from the charcoal after it has cooled 
with the point of a penknife, and crushing it in a 
mortar or in a porcelain dish with a little water; 
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the water is then quickly decanted down the wet 
pestle held against the edge of the vessel (Fig. 
35); the light suspended particles of charcoal, to- 
gether with soluble substances, are thus poured off, 
whilst the heavier and insoluble metallic powder will be 
left. By repeating this process of levigation the metal 
may be obtained free from soluble substances and char- 
coal, and may then be further examined by a lens or 
magnet or by other tests. 

Exp. 65.—Fuse a mixture of copper sulphate and 
sodium carbonate on charcoal in the inner blowpipe 
flame and levigate the residue as is directed above ; little 
red scales of copper will be obtained. 

Treat in the same way a mixture of ferrous sulphate 
and sodium carbonate; a grey powder consisting of 
metallic iron will remain; this, when touched under 
water with the point of a magnetized penknife, will 
attach itself in the form of a tuft to the point. 


FLAME COLORATIONS. 


41, Many substances when heated in a non-luminous - 
flame emit vapors which impart characteristic colors 
to the flame. The blowpipe flame may be employed to 
obtain these colorations, but a Bunsen flame answers the 
purpose well; on account of the lower temperature of 
this flame, however, many colorations are not obtained 
with promptness or intensity. 

The Bunsen flame when used for this purpose may 
be partly surrounded with a conical chim- Fig. 36. 
ney, which steadies the flame considerably 
(Figs. 36, 37, 38); the supply of air en- 
tering by the air-holes is then so regulated - 
that a small partly luminous point appears 
near the topof the flame; the platinum 
wire is held either in this luminous point 
or just below it. s 
Exp. 66.—Hold a platinum wire loop, 

which is not more than an eighth of an inch in : Bane 
ter, in the inner blowpipe flame ; if the wire is clean, 
it will become red hot without coloring the flame. If 
7 ; 
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it colors the flame, the wire must be boiled with hydro- 
chloric acid in a test-tube and then rinsed well: with 
water; or it may be wetted with strong hydrochloric 
acid, and heated strongly in the blowpipe flame until it 
no longer colors the flame. If the loop cannot be 
cleansed in this way, the end of the wire must be cut 
off and a fresh loop formed. 

Now dip the wire loop into a little sodium: chloride 
solution, made by dissolving some sodium chloride in a 
few drops of water on a watch glass, and see on re- 
moving the loop that it is filled by a drop of the solu- 
tion; then hold the loop at the tip of the inner blowpipe 
flame ; the outer flame will be colored bright yellow. 

Repeat the experiment, placing the loop containing 
the solution in the outer part of the Bunsen flame about 
half-way between its base and top; the same yellow tint 
will be seen above the loop. 

This yellow coloration is given to the flame only by 
sodium and its volatile compounds: on looking at it 
through the indigo prism, no yellow coloration will be 
visible. 

Remove all sodium chloride from the platinum wire 
loop by heating it strongly in the tip of the blowpipe 
flame until it ceases to impart any color to the flame. 
Then dip the wire loop into some solution of pure potas- 
sium nitrate: this will impart to the flame a pale lilac 
color, which is characteristic of potassium and its com- 
pounds. On looking at this coloration through the 
indigo prism it will appear crimson. 

Exp. 67.—Now dip the wire loop into a mixture of 
a few drops of the sodium chloride and potassium 
nitrate solutions made on a watch-glass ; when the loop 
is held in the flame the sodium coloration only will be 
seen ; but if this coloration is then viewed through the 
indigo prism, the crimson potassium coloration will be 
seen distinctly. By means of the indigo prism potas- 
sium is therefore discoverable even in the presence of 
sodium, which conceals its coloration to the naked eye. 


THE SPECTROSCOPE. 
42, This instrument furnishes by far the most certain 
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means of detecting substances by their flame colorations, 
more especially when the colorations due to several sub- 
stances are mingled in the flame. The colored light 
is separated into its constituents by passing through one 
or more prisms in the spectroscope; the colored lines 
thus seen are termed the spectrum of the substance, and 
by their color and relative position they serve to iden- 
tify the substance with certainty. This is equally true 
whether the flame coloration is produced by one sub- 
stance only or by several, since the constituent colors 
are in any case seen without interference one with an- 
other. 

Two forms of this instrument are figured here. The 
direct vision pocket spectroscope, which is shown ready 
for use in Fig. 37, is recommended by its portability ; 
whilst the Bunsen or table spectroscope, shown in Fig. 
38, is to be preferred for general use as a stationary 
piece of apparatus in the laboratory. The light enters 
each of these instruments through a slit, the width of 
which can be adjusted to suit strong or feeble colora- 
tions: the rays of light after entering are rendered less 
divergent by traversing a lens, and then pass through 
one or more prisms; they are finally focused by means of 
a sliding eye-piece, so as to give a sharp image of the slit. 

Exp. 68.—The student should now proceed to work 
with either or both of these instruments. 

The direct vision spectroscope is arranged for use by 
supporting it in a clamp steadily in front of the flame 
(Fig. 37); the slit is then slightly opened and’ the eye- 
piece so adjusted that the yellow line, due to the sodium 
compounds present in the atmospheric dust, is sharply 
focused. Or the instrument may be held in the hand 
and directed on the flame; in this case it is most readily 
focused on the dark Fraunhofer lines, which are seen 
on looking through a window at ordinary daylight. 

The Bunsen or table spectroscope (Fig. 38) has usually 
three brass tubes: one of these carries the adjustable slit, 
another the eye-piece, and the third a transparent photo- 
graphic scale. The instrument is brought into adjustment 
by placing a Bunsen burner with closed air-holes in front 
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ous flame a continuous spectrum of unbroken colors will 


FIG, 37. 


of the slit; on looking through the eye-piece at this lumin- 


be seen: the upper and lower edges of this spectrum are 
sharply focused by moving the eye-piece: and the two 
Fig. 38. 


tubes are arranged at such an angle as to give the longest 
complete spectrum possible. The tubes must now either 
be permanently clamped, or so marked that they can at 


42.] ADJUSTMENT OF SPECTROSCOPE. 65 


any time be brought readily into the same position with 
certainty. Air is then admitted into the Bunsen flame by 
opening the holes of the burner, and the yellow sodium 
line, which is always visible, is sharply focused. ‘The 
_ bright flame is lighted opposite the end of the scale-tube, 
the scale is focused, and the scale-tube is shifted until 
the yellow sodium line stands at the fiftieth graduation. 
This line will of course be seen in all the following ex- 
periments. 

Having thus brought the instrument into adjustment, 

the student should proceed to introduce into the front of 
the Bunsen flame, and just below the slit, a platinum wire 
loop moistened successively with solution of sodium chlo- 
ride, potassium chloride, barium chloride, strontium ni- 
trate, and calcium chloride. The wire may be conveniently 
supported in the flame by slipping its glass handle upon 
a horizontal wire arm, whose height is adjustable on a 
stand such as is represented in Figs. 37, 38. Colored 
lines will be seen which are always the same in color 
and position for the same coloration, but vary in these 
respects with the colorations of different substances. This 
line spectrum is therefore characteristic of each vapor 
which colors the flame. 
_ The pocket spectroscope is not usually furnished with a 
_ scale; if it is not, the relative position of the lines of any 
_ particular spectrum can only be jotted down or remembered 
with approximate accuracy; since the yellow sodium 
line is never absent, it will furnish a useful landmark in 
the spectrum. 

The scale of the larger spectroscope enables the position 
_ of the lines to be marked down, and they are thus easily 
_ identified againif the instrument is brought invariably to 
_ the same adjustment. The lines, however, will vary in 
- position in different instruments, owing not only to vary- 
ing adjustment, but to differences in the material and 
angle of the prism. Hence, when mapping down the 
_ lines in a spectrum chart for future use, the instrument 
- must always be set in precisely the same way if the chart 
is to be of any use; and further, a separate chart is 
necessarily made for each spectroscope. 

7* 


SPECTRUM CHART. [42. 


The accompanying spectrum chart (Fig. 39) will show 
the student a convenient method of mapping the lines, but 
it is only intended for use with the spectroscope for which 
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it was made. In this chart the varying intensity of the 
lines is indicated by their varying thickness, and their 
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color by the name of the color over the region in 
which the lines occur; the position of the sodium line 
is marked in each spectrum. The student should care- 
fully make such a chart, marking in the lines with pen 
or pencil on a white ground, and placing against each 
line the number of the scale graduation at which it 
stands; the relative intensity of the lines should also be 
indicated by the Greek letters applied in the order of 
decreasing intensity. 

Tt will be found convenient to register this chart in 
the note-book, or to suspend it near the instrument. 

A spectrum may be identified, even when the instru- 
‘ment has not been carefully adjusted, by throwing in a 
known coloration from another flame through a part of 
the slit by means of a little reflecting glass prism, and 
observing whether the unknown lines exactly corre- 
spond with those of the known coloration. 

Exp. 69.—After the student has carefully examined 
and mapped the spectra of several of the metals men- 
tioned in the spectrum chart, he should examine some 
mixed spectra obtained from solutions containing the 
salts of two or more of these metals; the ease with 
which metals can be found by means of the spectroscope 
in the presence of one another will thus become evident. 

The delicacy of this method of detecting certain metals 
is extreme. Thus it is only in the stillest air, which is 
almost absolutely free from dust particles, that the 
sodium spectrum is not obtained from a Bunsen flame. 
By using extremely dilute solutions of metallic salts, 
this delicacy may be proved in the case of other metals. 
Bunsen states that one three-thousand millionth of a 
gram of sodium can be detected by the spectroscope. 

It is by no means a matter of indifference which 
compound of a metal is selected for obtaining its flame 
coloration or spectrum. The most volatile salts, such as 
the chlorides, nitrates, and chlorates, give the most vivid 
but least durable result; whilst the coloration is 
increasingly feeble with the sulphate, carbonate and 
phosphate; and is not usually obtainable from 
the silicate. In most cases a coloration becomes more 
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intense if the finely-powdered substance is moist- 
ened with strong hydrochloric acid ; but in the case of 
a silicate it is usually necessary to moisten the powder 
with hydrofluoric acid, or to mix it with pure ammonium 
chloride and calcium carbonate before introducing it 
into the flame. 

The width of the slit is regulated according to the 
intensity of the lines to be looked for ; a bright line can 
be observed with a narrow slit, and its position is then 
noted with great precision. The slit must, however, be 
opened much more widely to see a faint line, such 
as Kf. Great breadth of the lines is objectionable, 
since it prevents their position on the scale being accur- 
ately noted, and often causes the edges of neighboring 
lines to overlap. 

The background of the flame should be absolutely 
black, to prevent admission of stray light; a piece of 
black velvet hung behind the flame gives a good back- 
ground. 

Careful observation of the flame through the spectro- 
scope is necessary from the moment that the substance is 
introduced until the wire loop has been heated to 
whiteness for some time, since some very volatile sub- 
stances give only a momentary flash of color in the 
flame, while others, which are far less volatile, color 
the flame only at the highest temperature obtainable. 


The spectroscope is of special use in analysis :— 

1. For readily detecting metals when their flame 
colorations are concealed by that of sodium ; and gener- 
ally for detecting metals when their colorations are 
mixed in the flame. 

2. For distinguishing similar colorations from one 
another: thus the red coloration of strontium is readily 
distinguished from that of calcium by the strongest red 
line in their spectra being at different distances from 
the sodium line, and further by the characteristic blue 
line of strontium and the green line of calcium. 

3. For detecting minute traces of many metals which 
could scarcely be discovered by other means. The 
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metals lithium, indium, thallium, rubidium and cesium 
were discovered by their spectra; and as they usually 
occur in minute proportion only, they are most conve- 
niently detected by the spectroscope. 

In the more powerful spectroscopes several prisms 
are used, and the lines of the spectra become more 
widely separated: their position may then be noted 
with great precision by moving the observing tube until 
each line in succession is brought into the middle point 
of the cross wires in the eye-piece; the position of the 
eye-piece is then read off on the graduated edge of the 
circular table on which the prisms stand, and registers 
the relative position of the line. Instruments of great 
power and precision are, however, not requisite for or- 
dinary analytical work. 


SECTION IV. 


ANALYTICAL REACTIONS. 


The student will find many paragraphs in this section marked — 
with an asterisk (*): these may be omitted if the analysis of — 
simple salts only is to be learnt. They will, however, require 
the careful attention of the general analyst. 

Reactions printed in small type are of minor importance. 


IntTRopucTORY REMARKS. 


The study of chemistry has revealed to us the fact 
that every substance consists either of one kind of mat- 
ter only, or of two or more different kinds. Those sub- 
stances which contain only one kind of matter are called 
chemical elements ; their number at present amounts to a — 
little over sixty. A list of them is given at the end of 
the book (562). These elements do not usually oecur 
singly; two or more of them are commonly found to- 
gether either in a state of mere mixture, or united in a 
much more intimate manner in a chemical compound. 

It is the object of analytical chemistry to discover 
what element, elements, or sometimes what groups of 
elements, any substance of unknown composition con- 
tains; also to ascertain whether any particular element 
or group of elements is present in a given substance, 

In order to become a thorough analyst it is necessary 
to be acquainted with the properties of each element 
and of the compounds it forms with other elements; 
and efficiency in analysis therefore depends in a large 
measure upon the knowledge of what is usually termed 
theoretical, but more appropriately descriptive chemis- 
try. For ordinary analytical purposes, however, certain 

SO 
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marked properties or changes each element or group of 
elements are selected, and by these properties, called 
tests or reactions, its presence is detected. 

The tests or reactions which are most frequently se- 
lected depend upon the behavior of a substance when 
heated under various conditions, and upon its behavior 
when mixed with certain liquid or solid substances. 

Such substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one element 
or compound only, and are therefore called special rea- 
gents: others separate or detect a group of elements or 
compounds, and are called group reagents or general 
reagents. 

Analytical. groups.—The metals are separated by their 
behavior with certain general reagents into five princi- 
pal groups, two of these being further subdivided into 
two sub-groups. Each group receives a distinctive 
name from its place in the system, from some conspicu- 
ous or important member of the group, or from the gen- 
eral reagent used to precipitate the group. ‘Thus we speak 
indifferently of the Fourth Group, the Barium Group, 
or the Ammonium Carbonate Group. At the beginning 
of the fifth section the analytical groups are tabulated, 
with their distinctivé numbers, names, and group rea- 
gents placed at the head of each column : the names and 
symbols of the metals contained in the group are ar- 
ranged vertically beneath. It is perhaps well to avoid 
referring to a group by its number, as different analysts 
number the groups differently, and the name thus given 
is therefore apt not to denote the group with certainty. 

Analytical classification—The chemical elements 
are frequently divided into two classes, metals and 
non-metals. ‘These classes, with the following slight 
modifications, form convenient divisions for analytical 
purposes. In the class of metals must be included 
the hypothetical metallic radicle ammonium, and 
the element hydrogen. The class of non-metals, 
either singly or in groups formed by their combination 
inter se or less frequently with a metal, unite with hy- 
drogen and with metals forming salts ; the hydrogen 
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salts of these radicles are usually called acids. Thus 
Cl, SO,, PO,, MnO,, form the hydrogen salts or acids, — 
HCl, H,SO,, H,PO, HMnO,; and the metallic salts, 
KCl, MgSO, Na,PO,, KMnO,. Metal hydrogen salts 
or acid salts, such as NaHSO,, Na,H PO,, are also known. — 
The general name aczd-radicle is conveniently applied to — 
Cl, SO,, PO, MnO,; some of these are elements, but — 
most of them are unisolated compound radicles, and their 
common property is that of forming acids and salts by 
combining with hydrogen and with metals. For ana- 
lytical purposes, then, substances may be separated into 
the groups of Metals and Acid-radicles. 


THE ANALYTICAL REACTIONS. 


43. In order to become fully acquainted with the be- 
havior of different substances with reagents, and thus 
to be able to detect them by their reactions, each of these 
reactions should be tried with the substance itself or with 
one of its compounds; the appearances presented are 
then carefully observed, so that the substance would be 
easily recognized in a body of unknown composition by 
means of these tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur ; this may be sim- 
ply a change of color, but it very usually consists in — 
the formation of a precipitate; the color, appearance, 
or behavior of this precipitate with other reagents being 
characteristic of a particular element or compound radicle. 

As soon as a reaction has been satisfactorily per- 
formed, it should be briefly described in the note book in 
a neat and concise manner ; and the nature of the chemi- 
eal change which has occurred should then be explained 
by means of a chemical equation. ‘This will involve 
the correct use of chemical symbols and formule, and a 
right conception of the meaning of an equation. For 
full information on these matters a treatise on theoreti- 
cal chemistry should be consulted ; the few hints which 
follow will, however, serve to guard and guide a student 
who has not had much experience in such matters. 
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Chemical notation— Each element is represented by a 
symbol consisting of one or two letters; thus S stands 
for sulphur, Cl for chlorine. The symbol also repre- 
sents one atom of each element ; when written one after 
_ another symbols give the formula of a compound sub- 
stance, showing what elements, and how many atoms of 
each of these elements, the compound molecule contains: 
thus KCl stands for one molecule of potassium chloride, 
a compound of one atom of potassium and one atom of 
chlorine; PtCl, stands for one molecule of platinic 
chloride, which consists of one atom of platinum com- 
bined with four atoms of chlorine, the small figure placed 
below a symbol to the right denoting how many atoms of 
that element are present. A number placed before a 
formula, however, multiplies each symbol in that formula ; 
thus 2PtCl, signifies two molecules of platinic chloride, 
containing altogether two atoms of platinum and eight 
atoms of chlorine. If two or more symbols are included 
in brackets, any number placed outside the brackets, 
whether it be before or after and below them, multiplies 
each symbol contained in the brackets; thus both 
Sr(NO,), and Sr2(NO,) stand for SrN,O,, and this may 

also be written Sr2NO.,,. 
_ In the seventh section of this book will be found a 
list of the elements, with their symbols and atomic 
weights ; also lists of the names and corresponding 
_ formulse of most of the principal compound substances. 
- Symbols and formule are always used in the text instead 
of names ; the student can readily find the names corre- 
sponding to them either by reference to the lists already 
mentioned, or by looking at the labels on the reagent 
bottles, 
 — Rules for drawing out a chemical equation—Write 

down the formule of the substances which are 
mixed together, with the sign of addition (+) between 
them; then write the sign of equality (=), followed 
_ by the formula of the precipitate or product formed. 
In most analytical reactions a mutual exchange of 
certain elements or groups of elements, or a double 
_ decomposition, occurs between the two compounds ; 
8 
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a little consideration will therefore usually show how 
many molecules of the mixed substances are required to — 
yield the formula for the precipitate or principal pro- 
duct ; it will also be seen whether any other substance is — 
formed at the same time; and if it is formed, its — 
formula may be easily deduced. 
The number of atoms of any one element on both 7 
sides of a correct equation must always be equal. | 
Applying the above rules to the first test for potas- — 

sium (47), we get : 
KCl + PtCl, = K,PtCl,. 


This statement is obtained by placing together the } 


formule of the substances mixed and of the precipitate 
formed ; it is evidently not correct, since there are two 
atoms of K on the right hand side and only one on the 
left, also six atoms of Cl on the right and only five on 
the left ; but this inequality is at once removed if we — 
place 2 before the KCl, thus :— 
2KC1+ PtCl, = K,PtCh,. 

Evidently if the above equation is correct the precipi- 
tate is here the only substance formed, since the num- 
ber of atoms in the substances on the left hand side is 
exactly equal to that in the substance on the right. 

Take now the first test for Ba (69); our tentative 
statement is : 

BaCl, + Am,CO, = BaCO, + 

But here the left hand side contains Am, and Cl, more — 
than the right; the equality is easily restored thus: 

BaCl, + Am,CO,= BaCO, + 2AmCl, 
which states that on mixing together barium chloride — 
(BaCl,) and ammonium carbonate (Am,CO,), barium — 
carbonate (BaCO,) and ammonium chloride (AmCl) are — 
obtained. 

In writing out these equations a systematic method 
should be observed. Write down on the left hand side of 
the equation first the formula of the substance upon which 
the reaction is being tried, then that of the reagent added ; 
and on the right hand side write first the formula of the 
precipitate or principal product with a line drawn over it — 
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by way of distinction, then that of any substance or sub- 
stances which may be formed at the same time. 

In the reactions which follow, the formule of the 
substance used, of the reagent added, and of the precip- 
itate produced will always be given ; these furnish suf- 
ficient data to enable the student to form the equation ; 
only where the equation is exceptionally difficult or 
complicated will it be given in full. 

Abbreviations.—F or convenience in hasty writing, it 
is not uncommon to employ abbreviated formule for the 
compound radicles, especially for such as are constantly 
met with or are of unusual complexity. In the text 
only such abbreviations are employed as save the use of 
brackets or of numbers: thus Am, is a short rendering 
of (NH,),, and Ho, of H,O,. 

The following are the abbreviations used : 


Am for (NH,), the metallic radicle ammonium. 
“ (C,H,O,), the acid radicle of tartrates. 


A * (C,H,O,), the acid radicle of acetates. 

Ofy “ (FeCy,), in ferro- and ferricyanides. 

Ho “ (HO), the radicle occuring in hydroxides. 

The following contracted words are also used : 
expt. for experiment. insol. for insoluble. 
pp. “precipitate. soln = solution. 
pp» ©  precipitation.| eryst. “ crystalline. 
ppt “precipitated. | col - “ — coloration. 
sol, “soluble. 


The example of entry which follows has been selected 
from paragraphs 47-50: it will serve as a specimen of 
the brief entry of reactions in the note-book : 

PorasstumM (K).—Used KCl. 
1. PtCl,: stirred on watch glass: yellow cryst” pp., sol. in much 
water and in KHO, insol. in alcohol: 2KCl + PtCl, = 
K,PtCl,. 
2. NaHT well shaken ina test-tube: white cryst™ pp., sol. in wa- 
ter,in KHO,andin HCI: KCl+ NaHT = KHT + NaCl. 
3. Flame col: pale lilac, crimson through the indigo prism: a 
red and a violet line at the extreme ends of the spectrum. 
4, Heated in tube or on platinum foil: solid KCl melted, but 
gave no fumes: hence it is not volatile. 
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GENERAL RULES FOR WoRKING. 

44, The student should attend carefully to the fol- 
lowing precautions; they will most materially aid the 
progress and accuracy of his work, and, if observed from 
the commencement, they will not be felt irksome : 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (550); replace 
any which are absent, and see that the bottles are ar- 
ranged in the order shown by the number on the labels, 
Then proceed to fill any which are empty, and to relabel 
any whose labels are imperfect or loose: also filter any 
of the liquid reagents which are not quite clear when 
shaken. 

2. Arrange the apparatus required for use on the back 
part of the bench, so as to leave the front part free to 
work upon; this will also lessen the risk of upsetting 
anything. See Frontispiece. 

3. All glass and porcelain which is not in use should 
then be carefully cleansed; but this ought to be un- 
necessary, as apparatus should never be put away 
dirty. 

4, When using a reagent bottle take it in the right 
hand, remove the stopper by grasping it between two of 
the fingers, or between the fourth finger and palm, of 
the left hand; hold the stopper in this way, and replace 
it immediately after the bottle has been used Pour the 
liquid out of the side opposite to that bearing the label, 
and prevent the last drop from running down the out- 
side by touching the lip of the bottle either with the 
stopper or against the clean edge of the vessel. Solid 
reagents should be taken out of the bottle on a clean 
knife-blade or horn spatula, or with a slip of clean card- 
board or paper. Each bottle must be restoppered and re- 
placed on the shelf in its proper place with the label out- 
wards immediately after use, and must never be left stand- 
ing on the working bench. 

5. Ifa solution or precipitate has to be put by for some 
time always label it with a piece of gummed paper bearing 
an inscription or a reference number which is explained in 
the note-book, and which issufficient to recall to mind what 
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the solution or precipitate consists of : never trust tomem- 
ory in this matter. 

6. Brass crucible tongs must never be employed for 
holding hot evaporating basins containing acids, as 
some of the brass is apt to be dissolved and thus intro- 
duced into the solution, A hot dish may be moved 
either by holding it with a cloth or by lifting the stand 
upon which the dish is placed. 

7. Liquids only are to be poured down the sinks; all 
solid refuse, such as solid filters, broken glass, and pieces 
of charcoal, must be thrown into a box placed in an 
accessible position in the laboratory, or into a small 
earthenware jar or dish placed upon each working bench. 

8. When a substance is being examined to find out 
its composition the student must fully write down in 
the note-book each test or process, with the result ob- 
tained, as soon as it is completed. The analysis is thus 
written out gradually as it progresses: on no account 
must the entry of the results be left until the completion of 
the analysis. ‘This rule cannot be too strongly enforced, 
as neglect of it always causes uncertainty and confu- 
sion. The most convenient form of entry is that of the 
Analytical Tables. 

9. Cleanliness and neatness in analytical work cannot 
be too carefully attended to: more confusion and error 
_may be caused by using dirty test-tubes, beakers, dishes 
and funnels than would be thought possible by the 
beginner. Work should also be rendered as systematic 
as possible, in order to economize time and thought. 


45, The following directions for trying the analytical 
reactions are important : 

1. A solution of the substance, the reactions of which 
are to be tried, must always be employed, unless it is 
specially stated that the solid is required. Solid sub- 
stances are usually necessary only for blowpipe reac- 
tions. A solution may be kept in readiness, or it can 
be easily made from the solid by warming it with 
water, or in some cases with dilute acid (553-4), This 

liquid is often called the original solution. 
| a 
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2. Take, in a test-tube or small beaker, about twenty 
cubic centimetres of the solution of the substance. If 
the solid substance is also required, take some of it upon 
a watch glass and powder it finely. 

3. Pour a little of the solution into a perfectly clean 
test-tube and add the first-mentioned reagent to it. 
A few drops of the reagent should be added at 
first; more can be employed afterwards if excess is 
required. ‘The student must from the first acquire the 
habit of working with small quantities both of solutions 
and reagents. In trying each of the reactions a 
separate portion of the original solution is to be taken. 

4, Before trying a reaction, the student should 
carefully read through the whole of the description of 
the results to be obtained ; the experiment is then to be 
performed, literally following out the directions given, 
It is a necessary condition of after success that each 
result should be obtained precisely as is stated in the 
text; and the student must never on any account pass 
on without being satisfied that the statements of the 
book are true, and that he could at any time repeat the 
test successfully. . 

5. The water used for the tests and reactions must 
always be distilled water. The acids are to be used in 
a dilute condition unless it is stated that the strong acid 
is to be employed. It will always be specified when 
solid reagents are to be used, otherwise they are to be 
employed in solution. In all cases KHO and NaHO 
may be used indifferently the one for the other. 
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REACTIONS FOR THE METALS. 


In trying through the reactions for the metals the usual order 
of the analytical groups has been reversed, because the most 
simple reactions occur in the last groups and they are therefore 
better suited for a beginner. 


GROUP V.—THE POTASSIUM GROUP. 


46. This group includes K, NH,, Na, Mg: the first 
three of these belong to the group of the alkali metals. 

The members of this group are not precipitated by any 
group reagent. 


Porassium (K).—Use KCl. 


47, PiCl,, if added to some of the KCl solution on a 
watch glass and stirred gently but persistently with a 
glass rod, gives a yellow crystalline precipitate (K,PtCl,), 
which forms first along the lines where the rod has rubbed 
the glass. 

Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes ; to one add much dis- 
tilled water and heat, the precipitate dissolves ; to another 
part add alcohol, the precipitate does not dissolve. Hence 
this precipitate is soluble in water, and insoluble in alcohol. 
_ By warming the third portion with solution of KHO, 
the precipitate is shown to be soluble in that liquid. 

Since this precipitate is soluble in alkalis, the liquid 
should always be neutral or faintly acid before adding 
- PtCl,; it is always well to make sure by test paper that the 
liquid is slightly acid in reaction (34). Further, as the 
_ precipitate is more insoluble in alcohol than in water, 
addition of alcohol often hastens its formation in dilute 

solutions. Owing to the solubility of the precipitate in 
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water, very dilutesolutions must be evaporated nearly to 
dryness and cooled before applying the test. 


48, NaHT, if added to some of the KCI solution in 
a test-tube, gives a white crystalline precipitate (KHT) ; 
this precipitate usually appears only when the mouth of 
the test-tube is closed with the thumb and the tube is 
well shaken for some time. 


Shake up the precipitate and pour it off with the 
liquid into four test-tubes; add to these different portions, 
water, K HO, and HCl respectively ; on being shaken or 
warmed with each of these liquids, the precipitate will 
dissolve. To the fourth portion add alcohol ; the pre- 
cipitate does not dissolve. 


In using the above test for the detection of potassium, 
the precipitate will not be obtained at once in dilute 
solutions; but its formation is much hastened by the 
addition of aleohol; very dilute solutions must first be 
concentrated by evaporation. The solution to be tested 


- should be neutral or feebly alkaline : if it is strongly acid 


in reaction, the free acid should be neutralized by the 
addition of Na,CO, solution, or if the acid is volatile, it 
may be removed by evaporation ; feebly acid solutions 
may be at once mixed with NaHT; to an alkaline solu- 
tion H,T should be added until the reaction of the liquid 
is strongly acid. 


49. Flame coloration (41).—Dip a loop of platinum | 


wire, which gives no color to the flame, into some strong 
KCI solution, or moisten it and dip it into some finely- 
powdered KCl, and hold the loop in the flame. A pale 
lilae coloration will be seen if the KCl is pure; but what- 
ever tint is thus seen, the flame will always appear deep 
crimson red through the thicker parts of an indigo prism. 


The flame coloration due to potassium shows in the 
spectroscope a red line (a) and a faint indigo blue line () 
at the extreme ends of the spectrum (see page 66) ; a faint 
continuous spectrum is also visible. 
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50. Heat a litile solid KCl in a small dry test-tube, 
or powder it finely and heat it on a piece of platinum 
foil; the KCl will melt, but it will not pass into va- 
por and produce white fumes unless it is heated very 
strongly, since potassium salts are only slightly vol- 
atile even at a bright red heat. The fused residue is 
often transparent and invisible; its presence is detected, 
however, by a slight crackling being heard during the 
cooling of the foil. 


Ammonium (NH,).—Use NH,Cl. 


_ §1. KHO, if poured into some of the solution, or 
upon the solid, and heated, gives off ammonia gas, 


NH,C1l+ KHO=NH,+ KCI+ H,0, 
which is recognized by the following properties : 

a. By its pungent smell, which is that of common 
smelling salts. 

6. By turning moistened red litmus paper blue, or 

turmeric paper brown: wet a small piece of the test 
paper with distilled water, and place it upon the end of - 
a glass rod; then hold the rod in the test-tube, taking 
great care not to bring it into contact with the liquid or 
with the sides of the tube; the change of color will take 
place. 
4 ce. By yielding white fumes with an acid gas or 
vapor. Hence if a glass rod or stopper, wetted with 
strong HCl, HNO,, or HA, is held over the mouth 
of the test-tube, dense white fumes will be seen. 

52. PtCl,, when stirred on a watch glass with some 
AmCl solution, gives a yellow crystalline precipitate 
(Am,PtCl,); this precipitate is soluble in water and in 
KHO, but insoluble in alcohol. If it is boiled with 
KHO, it evolves NH,, differing in this way from 
K,PtCl, The remarks at the end of (47) apply to 
this reaction also. 


58, NaHT, when shaken for some time in a test- 
tube with AmCl solution, gives a white crystalline pre- 
cipitate (AmHT), which is soluble in H,O, in KHO, 
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and in HCl, but is insoluble in aleohol. The remarks 
at the end of (48) apply also to this reaction. 


54, Flame coloration—Pure AmCl gives no flame 
coloration ; but it almost invariably contains a trace of 
sodium, which imparts a yellow color to the flame. 


59, Heat a little solid AmCl on a piece of platinum 
foil ; it will be converted into vapor, and will produce 
white fumes: these are best seen if the foil is removed 
for a moment from the flame; the solid at last entirely 
disappears, showing that AmCl is completely volatile. 

Repeat the experiment by heating a small piece of 
solid AmCl in a dry test-tube; the solid is completely 
volatilized, and is condensed as a white coating or sub- 
“imate on the upper part of the tube. 


Soprum (Na).—Use NaCl. 


56. Flame coloration —NaCl gives an intense yellow 
color to the flame; the color is either invisible or ap- 
pears only pale blue when viewed through the indigo 
prism, and never shows the slightest tinge of red when 
seen through the thicker parts of the prism. A crystal 
of red potassium dichromate appears colorless if illum- 
inated by this yellow flame. Examined by a small 
spectroscope, the sodium coloration gives a single yel- 
low line a, see page 66. 

The yellow coloration of the flame due to sodium is 
always readily seen, since it overpowers the potassium 
coloration ; its production is the most delicate and trust- 
worthy, and often the only possible, test for sodium. 

If both potassium and sodium are present, the potassium 
coloration is unseen, and the yellow coloration of sodium 
is alone visible; but on examining this flame through the 
indigo prism, the crimson coloration of potassium is at 
onceseen. Prove this by mixing together KCl and NaCl 
solutions and examining the flame coloration both with 
and without the indigo prism. Look at this coloration also 
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through the spectroscope ; the lines of Na and K will 
be distinctly separated from one another. 


57. LHeat a little solid NaCl in a dry test-tube or on 
platinum foil; it will melt without producing white 
fumes unless it is heated very strongly, since NaCl is 
only slightly volatile at a bright red heat. 


Maenesium (Mg).—Use MgSO,.7H,0. 


The 7H,O represents the water of crystallization always 
present in the solid state in the crystallized salt ; water of crys- 
tallization is entered in this way throughout the book. 

58. Na,HPO,, added after AmCl and AmHO, gives 
a white crystalline precipitate (MgAmPO,); if much 
water is present, this precipitate forms only when the 
liquid is warmed and well stirred or shaken: it is sol- 
uble in HCl and in other acids, but is insoluble in 
AmHO :— 


MgSO,+ AmHO + Na,HPO,= MgAmPO,+ Na,SO,-+ H,0. 
59. KHO gives a white precipitate (MgH,O,), 
readily soluble in acids. 
60. AmHO gives a white precipitate (MgH,0O,) ; 
but if AmCl is added before the AmHO, no precipitate 
is produced. 
61, Am,CO, gives a white precipitate (MgCO,) only 
in strong solutions and on standing for some time: 
AmC\l prevents the formation of this precipitate also. 


62, Flame coloration —Pure MgSO, solution gives 
no color to the flame. 


63. Blowpipe test—lIf a little solid MgSO,.7H,0 is 
placed ina small cavity on a piece of wood charcoal, and 
_ then heated in the tip of the outer blowpipe flame (39), 
it shines brightly and gives a white unmelted mass of 
MgO; no white fumes are given off, since MgO is not 
volatile. If this white mass after cooling is moistened 
with several drops of cobalt nitrate solution and is again 
_ heated to whiteness for some time in theouter blowpipe 
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flame, it assumes a dedicate pink color ; this color is best 
seen when the mass is quite cold by comparison with a 
piece of white paper held near the residue on the 
charcoal. 


DETECTION OF ONE METAL IN GRouP Y. 


64. After having carefully worked through the 
reactions for the metals in the fifth group, the student 
should proceed to apply the experience thus acquired to 
the detection of one metal belonging to this group. A 
salt containing only one of these metals having been 
supplied, separate portions of it should be subjected to 
the tests given in the first column of the following 
Table of Differences (65). 

A glance at this Table will show that those tests have 
been selected which best serve to distinguish the metals 
of this group one from another. The order in which 
these tests are placed is also such as will best serve this — 
object. It will be evident that it is never necessary to — 
try the whole of the tests upon any one substance ; the 
presence of the metal detected by one test may be con- 
firmed by another selected for that purpose. The third 
and fourth tests are also manifestly alternative ones, the 
use of NaHT being preferable to that of PtCl, because 
it is cheaper. A selection is made from the first four 
tests in examining a liquid : a solid substance would be 
first subjected to the fifth and sixth tests, a portion of 
the solid dissolved in water being afterwards examined 
by the earlier ones. 

As each test is made the result yielded by it is care- 
fully observed: occasionally no change is noticed, as is 
indicated by a blank in the column to the right: if any 
result is noted, it is looked for in the columns to the 
right, and will indicate the presence of that metal which — 
heads the column in which the result stands. 

Sodium is rarely entirely absent from any substance : 
the quantity present may be judged by the intensity of the — 
yellow coloration : unless this is very intense, the presence 
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of a trace of sodium should be noted down, and another 
metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame 
coloration (42). 


The following example of the entry of a simple 
analysis will illustrate both the method of selecting 
the tests and of entering the work done: 


A solid white substance was given to be tested for one metal 
in Group V. 


Observation. 


Test. 


Inference. 


1. Heated in an ignition | Substance fused, but did | Absence of NH,. 
tube. not volatilize. 


2. Heated on charcoal in | Substance fused, and sank | Presence of K or Na. 
the blowpipe flame. into the charcoal. 


Dissolved part of the sub- 
stance in water. 


3. Held a drop on a plat- | A pale lilac flame colora- | Presence of K. 


inum wire loop in tion, which appeared 
the flame. crimson through the in- 
digo prism. 


4. Stirred a little of the | A yellow precipitate | Presence of K. 
solution with a few formed. 
drops of PtCly on a 
watch glass. prhae 


Several simple unknown salts of the metals of Group 
V. should be examined in this way by the Table (65), 
and the results carefully entered in the note-book. 
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Tests. 


For solutions, 


1. Boil with KHO 
solution : 


2. Heat in the 
Bunsen flame 
on a clean pla- 
tinum wire: 


3. Add PtCh, 
make slightly 
acid with di- 
lute HCl, and 
stir vigorously: 


4. Add NaHT and 
shake well: 


For solids only. 


5. Heat to red- ; 


ness in a dry 


test-tube, or on | 


platinum foil : 


6. Heat strongly 
on charcoal in 
the outer blow- 
pipe flame ; 


GROUP V.—TABLE OF DIFFERENCES. 


K—Salts. 


Pale lilac flame. 
which appears 
crimson through 


the indigo prism. 


Yellow — crystal- 
line precipitate, 
forms only in 
strong solutions. 


White crystalline 
precipitate in 
strong solutions. 


Non-volatile, un- 
less heated to 
bright redness. 


Easily fusible, 
sinking into the 
charcoal, and 
coloring the 
flame pale vio- 
let. (See 2.) 


NH,4—salts. 


NH3 gas given 
off: known by 
its smell and by 
turning moist 
red litmus blue; 
it also gives 


dense white 
fumes with 
strong HCl. 


Yellow  crystal- |. 


line precipitate, 
forms only in 


strong solu- 
tions. 

White crystalline 
precipitate in 
strong solu- 
tions. 

Volatile; white 


fumes are given 
off and the sub- 
stance passes 
into vapor, at 
least partially, 
forming a sub- 
limate on the 
upper part of 
the tube. 


Volatile, giving 
off white fumes. 


Na—asalts. 
Intense — yellow 
flame, which 


shows no tinge 
of red through 
the indigo- 
prism. 


Non-volatile, un- 
less heated to 
bright redness. 


Easily fusible, 
sinking into the 
charcoal, and 
coloring the 
flame intense 
yellow. (See 2.) 


White precipitat 


[65. 


Mg—salts, — 


Non-yvolatile, a 


White infusit 
residue is k 
which if me 
ened i 
Co(NOs)2_ 80 
tion and 
heated beco 
pink. 
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DETECTION OF METALS IN Group V. 


Paragraphs, the numbers of which are marked with an as- 
terisk, may be omitted by students who are learning the 
analysis of simple salts only. 


66.* When more than one metal of the fifth group 
is present in the substance to be examined, the possi- 
bility of interference in the reactions arises; it should 
be remembered, however, that— 


1. NH, may be always detected by the evolution of 
NH, on boiling the substance with K HO solution. 


2. Na can always be found by its yellow flame color- 
ation. 


8. Mg is indicated with certainty by its precipitation 
by KHO solution, and by Na,HPO, in the presence of 
AmHO and Am(Cl. 


4, K may always be found by a crimson flame color- 
ation seen through the indigo prism, or by the red line 
_ in its spectrum. 


_ §. The test for K by means of PtCl, or NaHT is 

only conclusive in the absence of NH, If NH, is 
present, therefore, its salt must be removed by ignition 
_ before K can be tested for by precipitation. 


The student should now proceed to examine by the 
_ Table (67) several solutions containing two or more 
metals of the fifth group. The composition of each 
solution should be unknown to him, and by trying the 
tests in the order given in the Table upon separate por- 
_ tions of the solution, the metals present may be discov- 
ered. Only one of the observations recorded against 
each test will be made; in future tables the bracketed 
_ paragraphs, which concern the absence of the metals, 
_ will be omitted. 


The flame coloration obtained in Exp. 2 of this Table 
_ should be examined by the spectroscope. 


ANALYTICAL TABLE FOR GROUP V. [67.% 
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67.* TABLE FoR TESTING FOR Mg, K, Na, NH,, 1n 
A SOLUTION WHICH MAY CONTAIN ALL OF THEM. 


Experiment. Observation, Inference. 


A white precipitate 
forms. 


! 
I. Add to a small part of 1. Presence of Mg. 
the solution AmCl, then 
AmHO and Na,HPO,, 
shake well and allow to 
stand if no precipitate 


appears at once. 


[2. No precipitate appears.] | [Absence of Mg.] 


Presence of Na, possibly 


II. Dip a small loop of 
also of K. 


clean platinum wire into 
the solution, and hold it 
near the top of the 
Bunsen flame. 


1. A yellow flame. 
Look at the yellow flame 
through the indigo 
prism; a crimson red 
color is seen. Presence of K. 

Presence of K and absence 


2. A pale violet flame, ap- 
of Na, 


pearing crimson red 
when seen through the 
indigo prism. 


[8. No color is imparted | [Absence of K and Na.] 


to the flame. 


III. Boil some of the solu- Presence of NH4. 
tion in a test-tube with 
KHO solution, and try 
whether NHg3 is given 
off by smelling ; or if it 
carnot be smelt, by test- 
ing with moistened red 
litmus paper or strong 


1. NHg gas is smelt, or the 
red litmus becomes blue, 

’ and white fumes are ob- 
tained with HCl. 


[2. No NHg is smelt, and 
moist red litmus paper 
is not blued, neither are 
white fumes obtained 
with HCl.] 


[Absence of NH4.] 


IV. A confirmatory test for K may be made by adding PtCl, or NaHT. If 
Exp. III. has shown that NH, is present, proceed to test for K by column A; if 
NH, is absent, test for K by column B (66, 5). 


A: 


Boil some more of the solution down 
to dryness in a porcelain dish; scrape 
out the white substance left in the dish, 
and heat it strongly on a piece of plati- 
num foil as long as any white fumes are 
seen to be given off, when the foil is 
taken out of the flame for an instant. 
Place the foil when cold in a test-tube, 
and boil it with very little water, to 
which a drop of dilute HCl has been 
added, and evaporate to several drops ; 
cool the liquid, and pour it out upona 


watch glass, add a little PtCly, and stir | 


well :— 
A yellow precipitate :—Presence of K. 


B. 


Pour a little of the solution upon a 
watch glass, add PtCl,, and stir well: a 
yellow precipitate :— Presence of K. 

If no precipitate forms, K may never- 
theless be present, the solution being too 
dilute to allow the precipitate to form; 
therefore pour some of the solution into 
a porcelain dish, boil down nearly to dry- 
ness, cool and test this liquid by stirring 
it with PtCly, on a watch glass, adding 
alcohol if the precipitate does not appear 
at once: a yellow precipitate :—Presence 
of K. 

Note.—Addition of alcohol will frequently 
produce the precipitate without evap- 
oration. 
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GROUP ITV.—BARIUM GROUP. 


68. This group includes Ba, Sr, Ca. 

These metals differ from those of Group V. by being 
precipitated as carbonates by Am,CO,, even in the pres- 
ence of AmCl. ‘They are not precipitated by any other 
group reagent. The carbonates are soluble in boiling 
solution of AmCl. 


Barium (Ba).—Use BaCl,.2H,0. 

69. Am,CO, added after AmCl causes a white pre- 
cipitate (BaCO,), which is at*first flocculent, but slowly 
shrinks in bulk and becomes crystalline if it is gently 
heated and allowed to stand: prove that this precipitate 
is soluble in HA. 

70. CaSO,, or H,SO,: heavy white precipitate (Ba- 
SO,), insoluble in HCl even on boiling. 

71, K,CrO, added after some HA : yellow precipitate 
(BaCrO,), which is soluble in warm HCl, but differs 
from SrCrO, by being soluble in warm HA. 

72. H,SiF,: semi-transparent precipitate (BaSiF,): the pre- 
cipitate does not appear in dilute solutions until aftersome time, 
or until the liquid is boiled, or alcohol is added: shaking or 


_ stirring the liquid hastens its formation. H,SiF, yields no pre- 
cipitates with solutions of Sr and Ca salts. 


73. Am,C,0,: white precipitate (BaC,O,). 

74, Flame coloration: BaCl, gives a yellowish-green 
color to the flame, visible through the indigo prism. 

The spectrum (p. 66) consists of a number of lines, 
the most characteristic of which are three green lines, a, 


B, 7: 


Srrontium (Sr).—Use Sr(NO,),.4H,0. 


75, Am,CO,added after some AmC1: white precipitate 
(SrCO,), soluble in HA ; this precipitate is flocculent at 
9* 


90 GROUP IV.—STRONTIUM, CALCIUM. [76-83. 


first, but quickly becomes crystalline and shrinks very 
considerably when heated. 


76, CaSO,, or H,SO,: white precipitate (SrSO,) : this 
precipitate does not usually form in a cold solution 
at once, but only after standing for some time; the 
precipitate, however, appears at once on boiling the 
liquid. 

77. K,CrO, added after some HA: no precipitate, 
since SrCrO, is soluble in HA. 

78. Am,C,0,: white precipitate (SrC,O,). 

79. Flame coloration: crimson red ; this color appears 
intense red through the indigo prism unless the flame 
coloration is very faint. 

Thestrontium spectrum contains many lines ; the most 


characteristic are the orange line (a), the red lines (f, 7) 
and the blue line (0). 


Caucrum (Ca).—Use CaCl,.6H,O. 


80. Am,CO, added after AmCl: white precipitate 
(CaCo,), soluble in HA: this. precipitate is flocculent 
at first, but shrinks considerably and becomes erystal-— 


line after standing for some time, or when it is gently 
heated. 


81, CaSO,: no precipitate, even when the liquid is 
allowed to stand, or is boiled. 


82, H,SO,: a white precipitate (CaSO,) forms at once 
in strong solutions, and often in weak solutions when 
they are boiled; but some CaSO, will always remain 
dissolved, since it is not quite insoluble in water ; prove — 
this by boiling the liquid containing the precipitate and — 
filtering it; then keep adding AmHO to the filtrate 
and stirring it until a drop of the solution turns red lit- 
mus paper blue and the liquid smells of NH,; then 
add Am,C,O,, a white precipitate will form, showing the — 
presence of Ca (85), which must have been dissolved as 
CaSO,,. 


83. K,CrO,: no precipitate. 
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85. Am,C,0,: white precipitate (CaC,O,), soluble in 
most acids, but insoluble in HA and in H,C,O,. 


86. Flame coloration: yellowish red ; this color view- 
ed through the indigo prism does not appear red, but 
dingy green, thus differing from that given by Sr. 

In the calcium spectrum the most characteristic lines 
are the green line (f) and the intense orange line (a). 


87. Group IV.—TABLE oF DIFFERENCES. 


The first three tests only need be used for the detection of a 
member of this group occurring by itself in solution: test 1 
serves also for solids. 

The flame coloration obtained in Exp. 1 should be examined 
by the spectroscope. 


Tests. Ba—salts. Sr—salts. Ca—salts, 


1.Flame coloration :|} Greenish-yellow. -| Intense crimson, | Yellowish red, ap- 
appears crimson| pears dingy green 
through the in through the in- 
digo prism. digo prism. 


2. CaSO, added to |} An immediate pre- | A precipitate ap- 
the cold solution : cipitate. pearing only after 
a short time or 
immediately on 

boiling. 


3. K,CrO, added || Light yellow pre- 
after HA: cipitate. 


[4. H.Sil, added: || White precipitate. — 


] 


5. H_SOq added in || Entirely _precipi- | Entwely _ precipi-| Partially _ precipi- 
excessund boiled: || tated as BaSO,. tated as SrSO,4. ea as CaSO, 
82). 


SEPARATION AND DETECTION OF METALS IN 
Group LV. 


88.* The following differences are made use of : 

1. The different flame colorations yielded by these 
metals examined, if necessary, through the indigo prism, 
or by means of the spectroscope. 


92 DETECTION OF METALS IN GROUP IV. [89.* 


2. The difference in the behavior of their solutions 
with CaSO, solution, which at once indicates the pres- 
ence or absence of Ba, or of Sr in the absence of Ba. 

3. The insolubility of BaCrO, in HA, and hence the 
possibility of separating Ba, if present, by adding HA 
and then K,CrO,,. 

4, The fact that Sr but not Ca can be precipitated by 
CaSO, on boiling; this reagent will therefore indicate — 
the presence of Sr in the absence, or after the separa- 
tion, of Ba. 

5. The complete precipitation of Sr, if present, by 
boiling the solution with H,SO,; sufficient CaSO, still 
remaining in solution to give in the filtrate made alka- 
line with AmHO a precipitate of CaC,O, on addition 
of Am,C,O,. 


89.* A solution which has to be examined for Ba, Sr, 
and Ca, and can contain only these substances, is made 
alkaline, if it is not already so, by the addition of 
AmHO; Am,CO, is then added as long as it causes 
any further precipitate after the liquid has been stirred 
well and allowed to settle: the liquid is then filtered: a 
little more Am,CO, is added to the clear filtrate, and if — 
this causes any further precipitate, more Am,CO, is — 
added, and the liquid is again poured through the same — 
filter. 

As soon as the filtrate gives no further precipitate with 
Am,CO,, all the members of this group which were 
present in the solution will have been precipitated as_ 
carbonates, and on filtration will be obtained on the — 
filter. ‘The precipitate is then examined by Table IV. — 
(438). 
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GROUP II1.a.—_IRON GROUP. 


90. This group includes Al, Fe, Cr. 

The members of this group differ from those of 
Groups III.n, IV., and V. by being precipitated by 
AmHO after addition of AmCl; they are not precipi- 
tated, however, by the group reagents for Groups IT. 
and I. This group is also precipitated by Am,S, or by 
HS added to the alkaline solution. Group III. fur- 
ther differs from Group III.x in being completely pre- 
cipitated by adding BaCO, shaken up with water; this 
reagent affords the most perfect means of separating 
these two sub-groups. The members of this group 
show no characteristic flame colorations ; but, with the 
exception of Al, they impart a characteristic color to 
the borax bead. 


Atuminium (Al).—Use AlAm(SO,),.12H,O. 


91. AmHO: white flocculent precipitate (A],H,O,), 
which is seen best on boiling the liquid ; it is soluble in 
HCl, in HA, and slightly soluble in AmHO in the 
absence of AmC]:—2A1Am(SO,),+ 6AmHO= Al,H,O, 
+ 4Am,SO,. 


92. KHO added in very small quantity: white floc- 
culent precipitate (Al,H,O,), soluble in excess of KHO, 
If to a part of the KHO solution HCl is added grad- 
ually until it is neutral, the Al,H,O, is reprecipitated ; 
if more acid is added, the precipitate dissolves, but re- 
appears on adding AmHO in slight excess. From an- 
other portion of the KHO solution, the Al,H,O, may 
be reprecipitated by the addition of sufficient AmCl 
solution. 


93, Am,S: same precipitate (Al,H,O,), HS gas being 
evolved or remaining dissolved in the liquid :— 
2AlAm(S0,),-++ 3Am,S + 6H,0 = Al,H,O, + 4Am,S0, + 8H,8. 


94 GROUP III.A.-—ALUMINIUM, IRON. [ 94-98. 


94. Blowpipe reaction.—Solid AlAm(SO,),.12H,O, 
when heated on charcoal in the outer blowpipe flame, 
and then moistened, after cooling, with Co(NO,), solu- 
tion and again heated in the outer flame, gives a fine 
blue mass. 


Iron (Fe).—Use Fe,Cl,, and FeSO,.7H,O. 


95. Two classes of iron compounds are known, which differ 
in appearance and properties and behave differently with re- 
agents: they are distinguished as ferrous and ferric compounds 
respectively: in the former class the metal may be distin- 
guished by the name ferrosum and by the symbol (Fe’’), and 
in the latter by ferricum (Fe’’’). The dashes following the 
symbol denote the number of Cl atoms, or their equivalent, 
which are combined with one atom of Fe in its compounds. 

It is usual, in stating analytical results, to mention in which 
state of combination the iron exists, and therefore some dis- 
tinctive tests are described below (101). The whole of the re- 
actions of ferrous compounds are not given, because Fe is 
always separated and detected in the course of analysis as a 
ferric compound, and ferrous compounds are found by special 
reactions tried on the original substance. 

Ferrous are readily converted into ferric compounds by boil- 
ing them for a short time with a little strong HNO,, or with 
HCl and a crystal of KC1O,. 

Both classes of compounds give the same results in the blow- 
pipe reactions (99, 100). 

Ferric salts are usually yellow or reddish yellow; ferrous 
salts are usually pale green, or white if perfectly anhydrous. 

Use Fe,Cl, solution for reactions 96-98 ; and solid FeSO,.7H,O 
for 99,100. In preparing FeSO, solution for 101, crush a erys- 
tal of the solid substance and shake it in a test-tube with cold 
water. 


96. AmHO, or KHO: reddish-brown flocculent pre- 
cipitate (Fe,H,O,): insoluble in KHO, soluble in HCl. 

97, Am,S: a black precipitate (FeS), mixed with white 
sulphur: FeS is soluble in boiling acids, but insoluble 
in KHO:—Fe,Cl, + 3Am,S =2FeS +S + 6AmCL.. 

In a very dilute iron solution a green color only is 
produced at first by Am,S, but black FeS separates 
after the liquid has stood for some time. 

98. HS gas passed into the solution, or added as 
H,S-water: black precipitate (FeS) in alkaline solutions: 

“in neutral or acid solutions sulphur is precipitated and 
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the ferric is changed into a ferrous salt; the color of 
the solution therefore changes from yellow to pale green, 
as is seen after boiling and filtering a strong solution : 


Fe,Cl, + H,S = 2F eC, + 2HC1+ 8. 


99. Fused with Na,Co, on charcoal in the inner 
blowpipe flame, a solid iron compound leaves a grey 
powder ; this is shown to be magnetic by being attracted 
when touched under water with the end of a magnet, or 
with the point of a magnetized knife-blade (39, 40). 


100. A borax bead (38) containing Fe is redd’sh 
brown while hot, and yellow when cold, after having 
been fused in the outer blowpipe flame: after fusion in 
the inner flame it is olive green. 


101. Distinctive Tests ror FERROUS .AND 
Ferric SALts. 


For these tests several drops of dilute HCl should be first 
added to the Fe solution. 


Ferric salts. Ferrous salts. 
Reagents to be added. (Use FeCl, solution.) (Use FeSO, solution.) 


1. KyFeCyg added in || Dark-blue precipitate, ‘Prussian | Light-blue precipitate, be- 
small quantity : blue;”’ insoluble in HCl,*| coming dark-blue_ in 
soluble in HyC,04, and slightly | the air, or on addition 
soluble in K4FeCyg added in of HNO: or Br-water. 
excess ; turned brown by KHO. 


2. Ke(FeCyg)o: No precipitate: the solution | Dark-blue precipitate, 
darkens, but on dilution with | ‘‘Turnbull’s _ blue :” 
water is seen to contain no| insoluble in HCl. In 
precipitate. very dilute solution 

only a dark bluish grey 
color is produced. 


3. KCy8: Blood-red coloration: no pre-| No red coloration unless 
cipitate is produced, the liquid | small quantities of 
being perfectly clear on dilu-| ferric salts are present. 
tion ; the color ‘is immedi- 
diately destroyed when several 
drops are poured into some 
HgCl.solution: its production is 
hindered by HNOgand by HA. 


Reddish-brown precipitate. Dingy-green precipitate, 
turning brown in the 
air. 


*The solubility and insolubility of this precipitate must be shown by 
warming separate portions of the blue liquid containing the precipitate 
with HCl, H,C20, and K,FeCy,, then separately filtering each: if the 
_ precipitate has been dissolved the filtrate will be dark blue. 


96 GROUP III.A.—_CHROMIUM. [102-106. 


Curomium (Cr).—Use CrK(SO,)..12H,0. 
Chromic salts are usually bluish green or violet in color. 


102, AmHO: pale bluish green or purple precipitate 
(Cr,H,O,) : if AmHO is added in large quantity and 
the liquid is heated, some of the precipitate dissolves, 
producing a beautiful violet-red solution: the color is 
best seen after filtering off the precipitate: from this 
solution the Cr,H,O,; is reprecipitated on boiling the 
liquid for several minutes in a porcelain dish. 

103. AHO, if added in small quantity, gives the 
same precipitate (Cr,H,O,): if more cold K HO is added, 
the precipitate is entirely dissolved to a green fluid; on 
diluting this liquid with water and boiling for several 
minutes, the Cr,H,O, is reprecipitated and the liquid 
becomes colorless: AmCl added to the KHO solution 
also reprecipitates the Cr,H,O,. 

If to some of the green liquid, obtained by adding 
K HO in excess to the chromium solution, a little red 
lead or lead peroxide (PbO,) is added and the liquid is 
then boiled, a yellow liquid is obtained, from which a 
yellow precipitate (PbCrO,) is thrown down on the 
addition of HA in excess. 

104, Am,S also precipitates Cr,H,O,, HS gas being 
given off or remaining dissolved. See the reaction in 
paragraph 93. 

105, Fusion of a solid substance containing Or with — 
Na,CO; and KNO, on platinum or porcelain yields a 
mass which is colored yellow by Na,CrO, On dis- — 
solving this in boiling water a yellow solution is 
obtained, which, if acidified with HA and boiled for a 
few minutes to drive off CO,, gives with PbA, solution 
a yellow precipitate of PbCrO,. | 

106, A borax bead containing Cr is green after 
having been fused either in the outer or in the inner 
blowpipe flame. 


Cr forms two classes of compounds: in one class Cr in com- | 
bination with oxygen acts as an acid radicle: this class includes — 
the chromates, such as K,CrO, and K,Cr,0,, they are usually — 
yellow or reddish in color; but Cr also forms a series of salts — 
in which it acts as a metallic radicle; these are usually green 


107.] 


GROUP IIT.A.—TABLE OF DIFFERENCES. 


97 


or violet and give the above reactions for Cr. 


The latter com- 


pounds pass by oxidation into the former in reactions 103, 
105, where the oxidation is caused by PbO, and by KNO, 
respectively. Chromates pass by reduction into green chromic 
compounds; examples of this change will be found under the 
tests for chromic acid (286). 


107. Group III.a4.—TAswe or DIFFERENCES. 


For liquids. 
1. Add AmHO: White flocculent 


precipitate. 


White flocculent 
precipitate, 
easily soluble in 
excess of KHO, 
not  reprecipi- 
tated on dilut- 
ing and boiling 
for some time. 


2. Add KHO: 


3. Add KCyS and 
a few drops of 
1: 


Blowpipe tests 
for solids. 


Fuse with 
Na,CO,; and 
KNOsz on plati- 
num foil : 


Heated on || Ifmoistenedwith 
Co(NOsz)o solu- 
tion and re- 
heated strongly 
givesa fine blue 
mass, 


Fe’/”—salts. 


Reddish brown 
flocculent pre- 
cipitate. 


Reddish brown 
flocculent pre- 
cipitate, insolu- 
ble in excess of 
KHO, 


Deep blood red 
coloration, de- 
stroyed by pour- 
ing into HgCle 
solution. 


On cooling, a 
white mass of 
NagC03 re- 
mains, with 
dark brown 

rticles of 


e203. 


In inner flame 
mixed with 
NagCO3 gives a 
grey magnetic 
powder, 


Reddish yellow 
in outer flame, 
Greenish yellow 
in inner flame. 


Fe’/—salts. 


Dingy green pre- 
cipitate, rapidly 
turning brown 
when left ex- 
posed to the air. 


The same precip- 
itate as with 


AmHO, insolu- 
ble in excess of 
KHO. 


No coloration un- 
less Fe’” is also 
present. 


Same as Fe’, 


Same as Fe’, 


Same as Fe’. 


Pale green floccu- 
lent precipitate, 
color unal- 
tered by expo- 
sure to air. 


Pale green pre- 
cipitate, soluble 
in excess of cold 
KHO, but repre- 
cipitated on dilu- 
ting and boiling 
for some time, 


On cooling, a yel- 


low mass re- 
mains ; the so- 
lution in HA 
gives a yellow 
precipitate with 
PbAg. 


Green both in 
outer and inner 
flames. 
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SEPARATION AND DETECTION OF METAIS IN 
Group III.a. 


108.* The following differences are utilized : 

1. The solubility of Al,H,O, in boiling KHO, in 
which Fe,H,O, and Cr,H,O, are insoluble. 

2. The conversion of Cr,H,O, by fusion with Na,CO, 
and KNO, into soluble Na,CrO,: Fe,H,O, when thus — 
treated remaining as Fe,O,, which is insoluble in water. 


3. Cr is then detected by the yellow color of the so- 
lution of Na,CrO, in water, and by the formation of a 
yellow precipitate on acidifying it with HA and adding 

Ay 

4, Fe is found by the blood-red coloration obtained 

on adding KCyS to the Fe,O, dissolved in HCl. 


109.* A solution which may contain Al, Fe, Or, is — 
examined in the following manner : 

To a few drops of the liquid acidified with HCl add 
a little K,FeCy,: if a blue precipitate is produced, Fe — 
is present : this portion is rejected. 

Two other small portions of the acidified solution are 
then tested; one with K,(FeCy,),, which, by giving a 
dark-blue precipitate, would show the presence of Fe’’; 
the other with KCyS, which may cause a blood-red © 
color, proving the presence of Fe’’’, 


Boil the rest of the solution, adding a few drops of 
strong HNO, if Fe’’ is present; add some AmCl, then — 
AmHO until the liquid, after being well stirred, is alka- 
line and smells of NH,; boil, filter and examine the © 
precipitate by Table I11.a (486), disregarding all the 
appended notes. 
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GROUP III.8.—ZINC GROUP. 


110, This group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of 
metals of Groups IV. and V. by being precipitated 
from their neutral or alkaline solutions by Am,S and 
from their alkaline solutions by H,S; they are not 
precipitated by the group reagents for Groups IIT.a, 
II. and I. ; but Mn is precipitated by oxidation, if its 
solution mixed with AmCl and excess of AmHO is 
exposed to the air. 

The compounds of the metals of this group show no 
characteristic flame colorations ; but with the exception 
of those of Zn they give characteristic colors to a borax 
bead. 

Finely-powdered BaCo, does not precipitate the 
compounds of the metals of this group from their 
solutions as it does those of the metals of Group III.a, 
unless they are present as sulphates. 


Zinc (Zn).—Use ZnSO,.7H,0. 
Zinc salts are usually colorless. 

111, Am,S: white precipitate(ZnS): the precipitate 
often appears yellow from the presence of excess of 
yellow Am,Sin the liquid: its true color is seen in the 
next reaction, or is evident when the precipitate pro- 
duced by Am, is separated by settling or filtration. 
Prove the solubility of this precipitate as is directed in 
the next paragraph. 

112. H,S: white precipitate (ZnS): the Zn is only 
partly precipitated froma neutral solution, since H,SO, 
is separated in which ZnS ‘is soluble :—ZnSO, + 
H,S=7ZnS+ H,SO, But if NaHO or AmHO is 
added to neutralize the H,SO,, the Zn may be entirely 
precipitated : addition of sufficient NaA solution also 
‘causes complete precipitation, since the H,SO, in the 
‘solution is thus replaced by HA, in which ZnS is in- 
soluble : 


ZnSo,+H,S+2NaA = ZnS + Na,SO,+2 HA. 
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Add to some ZnSO, solution AmCl, then AmHO 
until it is alkaline, and then H,S, white ZnS will be 
precipitated: show by adding to separate portions of 
this liquid HCl, HA and Am,§, that ZnS is soluble in 
HCl, and insoluble in HA and in Am,S. 


The tests which show the solubility of the sulphides of the 
metals of this group are best tried on the precipitate obtained 
by adding reat AmHO in excess and H,S, unless freshly 
prepared colorless Am,S, can be obtained, since acids precipi- 
tate sulphur from yellow Am,S. 

113, KHO added in small quantity gives a white pre- 
cipitate (ZnH,O,): if more K HO is added, this precipi- 
tate dissolves, but is formed again on adding much 
water and boiling: or the Zn may be precipitated as ZnS 
from the K HO solution by the addition of H,S. 

114. If finely-powdered ZnSO,.7H,O and Na,CO, 
are mixed in a small cavity on wood charcoal, and the 
mixture is then heated in the inner blowpipe flame, an 
incrustation is obtained on the charcoal which is yellow 
while hot and white when cold. It cannot be driven 
away by the outer blowpipe flame, but is easily removed 
by the inner flame. If this incrustation when cold is — 
moistened with cobalt nitrate solution and is then strongly 
heated in the outer blowpipe flame, it becomes green. 

The above changes of color are more distinetly obtained by 
heating a little solid ZnO in an ignition tube or in the outer 
blowpipe flame on charcoal, the oxide is yellow while hot and — 
white when cold: if it is moistened on charcoal with Co(No,), — 
solution and then reheated in the outer blowpipe flame, the 
ZnO becomes green. 


MANGANESE (Mn).—Use MnCl,, or MnSO, 


Manganous salts are usually of a pale pink color: alkaline — 
manganates are green, permanganates purple. 


115, Am,S: flesh-colored or pale pink precipitate 
(MnS), the color of which is best seen on filtering 
it from the yellow Am,S: the precipitate occa- 
sionally becomes dark green after standing for some — 
time ; the color of the moist filtered precipitate always — 
changes by oxidation to dark brown on standing in— 
the air (118). For the solubility of this precipitate see 116. 
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116. H,S precipitates MnS partly from neutral solu- 
tions, entirely from alkaline solutions, but not at all in 
presence of free HCl or HA: show with separate por- 
tions of the MnS precipitate,obtained by adding AmC]l, 
AmHO in excess, and then H,S, that MnS is soluble in 
HCl and in HA, but is insoluble in Am,S. 


117. KHO: white precipitate (MnH,O,), quickly 
turning brown by oxidation; this change is most rapid 
when the precipitate is filtered off: the precipitate is in- 
soluble in excess of KHO. 


118, AmHO givesthesame precipitate ; but if sufficient 
Am(Cl is first added, AmHO produces no immediate 
precipitate ; the solution, however, on standing exposed 
to the air, gradually turns brown by oxidation, and the 
Mn is ultimately precipitated as brown Mn,H,O,. 


119. Anysolidsubstance containing Mn, when fused in 
the outer blowpipe flame with a mixture of Na,CO, and 
a little KNO, upon platinum foil, yields a bluish green 
mass on cooling : the mixture should be fused by heat- 
ing the under surface of the foil with the tip of the 
blowpipe flame, and the flame must not come into con- 
tact with the mixture. 

The test may also be made by fusing a mixture of 
Na,CO, and K NO, into a bead in a loop of platinum 
wire, and then fusing the substance into this bead by 
heating it in the extreme tip of the outer flame. 


This reaction is very delicate. 


1192. A solid Mn compound, when fused with Na,CO, on 
charcoal in the inner blowpipe flame, yields a grey magnetic 
powder (39, 40). 

120. A berax bead containing very little MnO, will 
be violet red whilst hot and amethyst red when cool 
after fusion in the outer blowpipe flame: when heated 
in the inner flame the bead becomes colorless. 

This reaction is yielded by minute quantities of man- 
-ganese compounds. 

10* 
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Nicke (Ni).—Use NiSO,.7H,0. 
Nickel salts are usually bright green in color. 
121. Am,S: black precipitate (NiS); add more — 
yellow Am,S, boil and filter, the filtrate will be colored 
brown by NiS dissolved in the excess of Am,S: pour 
this filtrate into a porcelain dish and boil it for some 
time, adding distilled water, if necessary, to prevent the 
dish becoming dry ; the dissolved NiS will be precip- 
itated, and when filtered off will leave a colorless fil- — 
trate. If HA is added in excess to the dark filtrate, 
the dissolved NiS is also precipitated. For the solu- 
bility of NiS see the next paragraph. 


122, H,S: black precipitate (NiS) in neutral solu- 
tions or in solutions containing no free acid except HA 
(112) HCl prevents the precipitation. Add to NiSO, 
solution AmCl, AmHO in excess and then H,8; and 
show with this precipitate that NiS is insoluble in cold 
dilute HCl and in HA, butis soluble when heated with 
HCl after adding a crystal of KCIO,. ; 


123. KHO: light green precipitate (NiH,O,). 


124, AmHO added in very small quantity gives a 
bluish green precipitate (NiH,O,), which is soluble in 
excess of AmHO to a violet blue liquid and is also 
soluble in AmCl: if AmCl be first added, AmHO 
causes no precipitate. 


125. ACy solution, made by dissolving a fragment of 
the solid in water, when added in small quantity 
gives a yellowish green precipitate (NiCy,): by the fur- 
ther addition of KCy the precipitate is dissolved, but it 
is reproduced on the addition of sufficient HCl. 

126, Acidify some NiSO, solution with several drops — 
of HA; then add KCy solution gradually, whilst stir-_ 
ring or shaking the liquid, until the precipitate at first 
formed is just re-dissolved; boil this solution for’ 
a short time, then cool it and divide it into two 
parts: the addition of HCl in excess to one part 
will produce a precipitate of NiCy., often only appear-— 
ing after a time: and the addition to the other part 
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of Na,Cl,O, or of excess of NaHO and then Br-water 
until the liquid becomes yellow (Na,Br,O), will give a 
black precipitate (Ni,H,O,) when the liquid is warmed. 

127. A mixture of finely-powdered NiSO,.7H,O and Na,CO,, 
when fused on charcoal on the inner blowpipe. flame, leaves a 
grey powder, which is attracted by the magnet (89, 40). 

128, A borax bead containing Ni is violet or reddish 
brown after fusion in the outer blowpipe flame, and be- 
comes pale yellow on cooling; if the bead is heated for 
some time in the inner flame, it becomes black and 


opaque. 


Cogpaut (Co).—Use Co(NO,),.6H,O. 


Cobalt salts are usually reddish pink in color if hydrated, and 
blue when anhydrous. 

130, Am,S: black precipitate (CoS); on adding 
much Am,S and boiling and filtering, the filtrate is col- 
ored yellow by Am,S and is not dark-colored, since CoS, 
unlike NiS, isinsoluble in Am,S. For the solubility of 
CoS see the next paragraph. 


131, H,S: black precipitate (CoS), only forming in 
alkaline solutions or in solutions containing no free acid 
except HA (112); HCl prevents the precipitation. Add 
Am(Cl, then AmHO in excess and then H 2 to some 
Co(NO,), solution, and pour into separate ‘portions of 
this liquid HCl and HA, the precipitate does not dis- 
solve ; to the portion containing HCl add a crystal of 
KCIO, and heat, the precipitate dissolves readily. 

132. KHO: blue precipitate (CoH,O,) ; the color of 
the precipitate changes by oxidation on exposure’ to the 
air and when the precipitate is heated. 

133, AmHO: bluish green precipitate, having the 
_ same properties as that produced by KHO; it is solu- 
ble in excess of AmHO and in AmCl, and is therefore 
not formed if AmC\l is first added. 

134, Freshly-prepared K Cy solution, if added in small 

quantity, givesa reddish brown precipitate (CoCy,) : on 
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adding more KCy solution slowly and whilst shaking 
the liquid the precipitate dissolves, but it reappears on 
the addition of HCl. 

135, If to some Co(NO,), solution, made acid with a 
few drops of HA, KCy solution is added slowly until 
the precipitate at first formed just redissolves, and 
the liquid is boiled, then cooled and divided into three 
parts, it will be found that neither the addition 
of HCl, nor of Na,Cl,O, nor of excess of NaHO 
solution and then Br-water till the liquid is yellow 
(Na,Br,O), produces any Rane on warming the 
liquid. 

This difference of behavior of Ni sid Co solutions (126), 
which have been boiled with excess of KCy, is due to the 


fact that NiCy, forms with KCy a compound (NiCy,.2KCy) 
which is easily decomposed: whereas CoCy, forms with KCy 


~ 139. Grovp IIL.z. 


Tests. Zn—salts. Mn—salts, 


For liquids, 


1, Add AmeS; or better, | White precipitate: soluble in | Pink precipitate: soluble in 
AmCl, AmHO in excess, and; cold dilute HCl: insoluble | cold dilute HCl: soluble in 
H.S-water. in HA. HA, 


2, Add KHO: White precipitate: soluble in| White precipitate: turning 
excess of KHO. pa ie the air; insoluble 
in ; 


3. Add KCy solution : see 
This test need only be tried 

when a black precipitate has 

been obtained by Test No. 1. 


Blowpipe tests for solids. 


4. Fused with Na,CO, on | A white incrustation, which, | A grey powder. 
charcoal in the inner blow- | if moistened with Co(NOs)o aoe avon bea | if fused with | 
pipe flame, and heated in the outer COg and KNOs; on plati- | 

flame, turns green. ae oil in outer flame, 

The substance itself, when | gives a bluish green mass. ! 
strongly heated after hav- } 
ing been moistened with 
Co(NOz)2, also becomes | 
or Outer flame.—Amethyst red. | 

5. Borax bead: Inner flame.—Colorless. | 


q 
4 


136, 189.] GROUP III.B.—TABLE OF DIFFERENCES. 105 


- very stable compound K,(CoCy,)., potassium cobalticyan- 


136. A solid cobalt compound, when fused with Na,CO, on 
charcoal in the inner flame, yields a grey magnetic powder 


(39, 40). 

137. A borax bead when dipped into a strong solu- 
tion of Co(NQO,), assumes a fine blue color after fusion in 
either the inner or the outer blowpipe flame. This 


reaction is yielded by minute quantities of cobalt com- 
pounds. 


188. The distinction between Ni and Co in the Table 
(139) depends on the solubility of NiS in yellow AmS, 
which is proved by a dark filtrate being obtained on 
warming with excess of yellow Am,S and filtering. 


‘ABLE OF DIFFERENCES. 


precipitate : soluble in boiling yellow Am2S | Black precipitate: insoluble in boiling yellow 
fo a dark solution : insoluble in cold dilute | AmeS, in cold dilute HCl, and m HA. 
HCl and in HA. 


precipitate: insoluble in KHO. Blue precipitate: insoluble in KHO. 


dded in slight excess to the feebly acid solu- | Added in slight excess to the feebly acid solu- 


and boiled for some time, then Br-water | tion and boiled for some time, then Br-water 
nd excess of NaHO added, gives a black | and excess of NaHO added, gives no precipi- 
ecipitate on heating. tate on heating. 


grey magnetic powder. A grey magnetic powder, 


Yellow when cold. 


{ outer Shands { Violet or yellow while hot. Outer and inner flames.— Fine blue bead. 
Tnner flame.—Grey or opaque bead. 
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SEPARATION AND DETECTION OF METALS IN GROUP 
IIL.z. 

140.* The methods used depend upon— 

1. The solubility of NiS in yellow Am,§, in which 
ZnS, MnS and CoS are insoluble: NiS is then precipi- 
tated from this solution by boiling it, or by the addition 
of HA, and the presence of Ni is confirmed by fusion of 
the precipitated NiS in a borax bead. 

2. The solubility of ZnS and MnS in cold dilute HCl, 
in which NiS and CoS are almost insoluble. 

3. The solubility of ZnH,O, in cold KHO, in which 
MnH,O, is insoluble; white ZnS is then precipitated 
from this solution by H,S, and the undissolved MnH,O, 
ae a bluish green mass when fused with Na,CO, and 

a 

4, The difference of behavior of the solution of NiCy, 
and CoCy, in KCy with Na,Cl,O, or with Na,Br,O: and 
the marked difference in the color of their borax beads. 

Mn may be separated from Zn, Ni and Co by passing H,S 
into the neutral solution saturated with NaA (112): Mn alone 
remains in solution (116), the other metals being precipitated 
as sulphides, 

Another method for separating Ni and Co depends upon the 
fact that while Co is seamtasiaicle as Co,(HO), from its solution 


by BaCoO, in the presence of Br, Ni is not precipitated by this 
means and remains in solution. 


141,* A solution is examined for Zn, Mn, Co, Ni, by 
adding AmCl to it, then AmHO until it is alkaline, and 
then Am,S until the liquid smells of it after having been 
well stirred or shaken. The liquid is then heated and 
a few drops of it are poured upon a filter: if the filtrate 
is colorless, sufficient Am,S has not been added; more 
Am,S is then to be poured in and the filtrate again ex- 
amined. As soon as the filtrate is brown or yellow in 
color, proving that Am,S has been added in excess, the 
whole is heated and filtered and the precipitate is exam- 
ined by Table III. (437): the filtrate if yellow is re- 
jected ; if brown, it is examined for Ni, according to 431, 
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GROUP IL.a—COPPER GROUP. 


142, This group includes Hg’’, Pb, Bi, Cu, Cd. 

The compounds of these metals differ from those of 
the metals in Groups III.a, III.p, IV. and V. by 
being precipitated as sulphides by H,S from their acid 
solutions: they are not precipitated by HCl or by solu- 
ble chlorides, with the exception of Pb, which in strong 
solution is partially precipitated. 

The sulphides differ from those of Group II.z8 by 
being insoluble both in Am,S and in KHO. If very 
much acid is present, H,S does not precipitate the mem- 
bers of this group readily or completely, unless their 
solutions are largely diluted with water. 


Mercuricum (Hg’’).—Use HgCl.. 

Mercury forms two series of compounds, distinguished as 
mercuric and mercurous : the metal in these two states behaves 
differently with reagents, and may be distinctively called mer- 
curicum and mereurosum: in the latter condition it is classed 
under Group I. In paragraphs 217, 218 tests are given which 
serve to distinguish these compounds, 

144, HS: black precipitate (HgS): if the H,S so- 
lution is added slowly, the precipitate is first white, then 
brown or orange and ultimately becomes black: these 
changes of color during the addition of HS are charac- 
teristic of mercuric salts. 

Filter off the precipitate and wash it free from dis- 
solved chlorides, then place portions of it in three test- 
tubes : boil one of these with strong HNO, and another 
with strong HCl, the precipitate will not be dissolved 
by either of these acids: now mix the contents of the 
two tubes and warm again, the precipitate will dissolve ; 
boil the third portion with Am,S, the precipitate does 
not dissolve. Hence HgS is insoluble in hot strong 
HNO,, in hot strong HCl and in Am,S; but it is easily 
soluble in a mixture of HNO, and HCl, which is known 
as aqua regia. 
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145, SnCl,: white precipitate (Hg,Cl,): if more 
SnCl, is added, the white precipitate becomes grey and 
consists of fine particles of Hg; if the liquid is boiled” 
and then decanted from the grey precipitate, the Hg parti- 
cles, when heated with strong HCl, unite to globules visi- 
ble through a lens and frequently even to the naked eye: 

2HgCl, + SnCl, = Hg,Cl, + SnCl, 7 
Hg,Cl, + SnCl, = 2Hg + SnCl,. 

146. Cu: ifa small strip of copper sheet or a copper 
coin, the surface of which has been cleansed by rubbing 
it with sand paper, or by dipping it into strong HNO,, 
be immersed in some HgCl, solution, made acid with a 
drop or two of HCl, it will become coated with a grey 
film of Hg: HgCl,+ Cu= Hg + CuCl, 

If the surface of the Cu, after having been immersed 
for several minutes, is dried and rubbed hard with a 
cloth or piece of wash-leather, it will appear more or 
less whitened like silver, the metal Hg having formed 
an amalgam with the Cu. | 

The Hg may be readily driven off by heating the Cu 
strongly ; if this heating is performed in a test-tube, or, 
better, in a small hard glass tube sealed at one end, a” 
sublimate of globules of Hg will form upon the coo 
sides of the tube. 

147. Mix a little finely-powdered HgCl, intimatel 
with about four times as much finely-powdered Na,CO,, 
which has been recently dried by strongly heating it in 
a porcelain dish. Pour this mixture into a small test- 
tube, which has been perfectly dried by heating it in 
the flame and sucking out the moist air by a glass tube; 
then cover the mixture with a layer of Na,CO, dried by 
ignition. | 

After perfectly cleansing the inside of the tube, heat 
the layer of Na,CO, strongly, and whilst keeping this 
hot gradually extend the heat to the mixture: Hg will 
sublime, condensing in globules on the inside of the 
tube. Sometimes the globules are so small that the 
layer appears as a grey film, or they are few and scat- 
tered and not easily visible; they may usually be united 
into larger globules by rubbing the inside of the tube 
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~ with a glass rod, or the separate globules may be de- 
tected by means of a pocket lens: even very minute 
globules may be seen if they are flattened by pressing 
them with a glass rod against the inside of the tube. 

The powder is most easily placed in the tube by alternately 
scooping it up with the mouth of the tube and tapping the 
tube so as to shake the powder to the bottom; or by turning 
the powder out upon a piece of note-paper folded over into a 
trough and pouring it thence into the tube, holding both tube 
and paper over the watch glass so as to catch any substance 
which may fall. 

Both the inside of the tube and the powder must be perfectly 
dry, else some particles obstinately adhere to the inside of the 
3a and obscure the sublimate. 

The heating must never be commenced until the inside of the 
tube is perfectly clean: it is cleansed, if necessary, with a twisted 
slip of filter paper or with a wooden match. Also if any drops 
of water condense on the inside of the tube during the first 
stage of the heating, they must be removed by a twisted piece 
of filter paper; if, however, proper care has been taken in 
drying the powder, no moisture will condense. The escape 
of steam from the powder is very undesirable, as it is very 
likely to sweep mercury vapor out of the tube. 


148, Heat a little solid HgCl, in a tube closed at one 


end ; the substance sublimes in white fumes, showing 
that mercury compounds are volatile. 


Leap (Pb).—Use PbA,.3H,0O in dilute HA. 

149, H,S: black precipitate (PbS) : this precipitate 

is often red if much hydrochloric acid is present in the 
solution, but it becomes black on diluting with water 
~ and passing H,S, or on adding H,S-water. Filter or 
decant and show with separate portions of the precipi- 
tate that PbS is insoluble in KHO and in An, 
soluble in boiling dilute HNO,, and is converted by 
boiling strong HNO, into insoluble PbSO,. 
150. HC: white precipitate (PbCl,), forming only 
in cold and strong solutions: on boiling the precipitate 
with sufficient water it dissolves, but the PbCl, sepa- 
rates again in beautiful crystals when the hot solution is 
slowly cooled. 

_ 151. H,S0,: white precipitate (PbSO,): this precipitate 
j 11 
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is much less soluble in dilute H,SO, than in water, 
hence H,SO, should be added in excess to a pretty 
strong solution : pour off into two test-tubes and let the — 
liquid stand; decant the liquid from the precipitate, 
and show that the precipitate may be dissolved by pour-— 
ing upon it HA, or, better, H,T solution, then AmHO 
in excess and boiling ; show also that it dissolves in 
boiling strong HCl. 


152. K,CrO, or K,Cr,0,: yellow precipitate 
(PbCrO,); pour off into two tubes, and show that the 
precipitate is soluble in KHO, but insoluble in HA. 


153. Mix some powdered PbA,3H,O with about — 
twice as much Na,CO, in a cavity on a piece of char-— 
coal, and heat the mixture in the inner blowpipe flame ; — 
a yellow incrustation will form around the cavity and 
small lustrous globules of Pb will be seen within it. 
The incrustation is readily removed when heated in the 
inner blowpipe flame and colors the flame azure blue. 

Detach one of the globules with the point of a knife, 
place it on the bottom of a mortar turned upside down, — 
and give it a smart blow with the pestle; it flattens out 
without breaking into powder, showing that Pb is mal- 
leable and not brittle. If one of the globules be fixed 
upon the point of a penknife, it will be found by gentle 
friction on paper to mark it as a black-lead pencil does. 


Bismutu (Bi).—Use Bi (NO,),.5H,O in dilute HCl. 
154, H,S: brownish black precipitate (Bi,S,): 
2Bi(NO,), + 3H,S = Bi,S, + 6HNO,. | 
Decant most of the water ; then pour some of the precip- 
itate into three test-tubes, and show that it is insoluble 
in Am,S and in KHO, but soluble in strong HNO,. 
155. AmHO, or KHO: white precipitate (BiH,O,) ; 
pour off a small quantity of the liquid and precipitate 
into a tube, add much AmHO and warm, the precipitate 
is undissolved ; filter off the rest of the precipitate and 
keep it for the following reaction. 
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156. H,O: pour a few drops of boiling dilute HCl 
upon the precipitate in the filter left from the last re- 
action, and allow the acid solution to drop from the 
funnel into a large quantity of distilled water ; a milkiness 
appears, due to the formation of BiOC] : this precipitate 
may also be obtained by letting the original bismuth 
solution drop into much water :—BiCl,+ H,O= BiOCl+ 
2HCl. 

Pour a little of the milky liquid into two test-tybes ; 
add to one portion a little strong HCl and warm it, the 
precipitate dissolves; to the other portion add H,T and 
warm, the milkiness remains, differing in this way from 
that caused by SbOCI. 

If but little Bi is present, this milkiness often appears 
only after stirring and letting the liquid stand for five 
or ten minutes. 


157. K,CrO, or K,Cr,0;, added after strong NaA 
solution gives a yellow flocculent precipitate of Bi, 
(CrO,),: add KHO, the precipitate does not dissolve, 
differing in this way from PbCrO, ; it dissolves, however, 
completely in HCl or HNO, added in excess. 

The addition of NaA is necessary because bismuth chromate 
is solublein HCl; the free HCI in the solutions is thus replaced 
by HA, in_which the precipitate is insoluble :—NaA + HCl = 

aCl + HA. 


158. H,SO,; no precipitate: difference from Pb. 

159. Heat a mixture of powdered Bi(NO,), and 
Na,CO, on charcoal in the inner blowpipe flame; an 
incrustation will be obtained which is orange red whilst 
hot and yellow when cold; also white globules of Bi will 
be seen, which are very brittle and easily crushed to 
powder by a sharp blow with the pestle. 


CopprER (Cu)—Use CuSO,.5H,O. 


Two classes of copper salts are known. Cupric salts are usually 
blue, but sometimes green ; their color commonly becomes very 
pale or disappears when the salts are thoroughly freed from 
water of crystallization. Cuprous salts are usually white. 

Cuprous oxide is red, and cupric oxide black. 


160. HS: brownish black precipitate (CuS) ; filter, 
keeping the funnel carefully covered with a glass plate, 


i eee 
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as air quickly oxidizes CuS to CuSO, and this dissolves 
and runs through with the filtrate. Place some of the ~ 
precipitate in five test-tubes and show that it is insoluble 
in KHO, in Am,S and in boiling dilute H,SO,, but dis- 
solves in boiling HNO, and in KCy solution. 


161. AmHO, if added in a diluted state and in very — 
small quantity, gives a greenish blue precipitate ; if more — 
AmHO is added, this precipitate dissolves, yielding an 
intensely blue liquid, which contains euprammonium — 
sulphate (N,CuAm,H,)SO, ; the solution becomes light 
blue again when an acid is added in excess. . 


162, H,SO,: no precipitate : difference from Pb. 


163, K,FeCy,: reddish brown precipitate (Cu,FeCy,), — 
insoluble in HA; the color is best seen when the re- 
action is tried in a white porcelain dish. In a very dilute — 
solution only a reddish color is seen. 


164, Fe: if a bright piece of steel or iron, such as the © 
blade of a penknife, which has been freed from grease — 
by rubbing it with sand paper or by boiling it in a little — 
dilute KHO, is dipped into CuSO, solution made acid — 
with a few drops of H,SO,, it will be gradually covered — 
with a red film of Cu. 


165. Zn and Pt: ifa piece of Zn be placed upon — 
platinum foil or wire in CuSO, solution contained in a — 
porcelain dish or watch glass, it causes a red film of Cu — 
to deposit on the platinum: the CuSO, solution should — 
be acidified with a few drops of H,SO,. 


166. If finely-powdered CuSO,.5H,O and Na,CO, are i 
mixed in a cavity on charcoal and heated in the inner — 
blowpipe flame, red scales of Cu are obtained ; these are — 
best seen after they have been washed (40). ‘ 


167. A borax bead containing Cu is green while ~ 
hot and blue when cold after having been fused — 
in the outer blowpipe flame; fusion in the inner — 
flame causes it to become red or colorless, but only — 
when very little Cu is present and the bead is long 
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heated in a good reducing flame: the addition of a frag- 
ment of Zn or Sn aids this change. 


168, Hlame coloration—If a loop of platinum wire 
is dipped into CuSO, solution and held in the inner 
blowpipe flame, or in the Bunsen flame, it gives a green 
coloration ; the flame shows a blue centre after the loop 
has been moistened with HCl, or if CuCl, solution was 
originally used. 


Capmium (Cd).—Use CdSO,.4H,0. 


169. H,S: bright yellow precipitate (CdS): boil off 
the H,S and pour the liquid containing the precipitate 
into five tubes ; show with these separate portions that 
the precipitate is insoluble in Am,S, in KHO and in KCy 
solution, but soluble in boiling dilute HNO, and in 
boiling dilute H,SO,: dilute the H,SO, solution with 
much water and pass H,S for a short time, yellow CdS 
is reprecipitated. 

170. AmHO, ifadded in a very diluted state and in 
small quantity, gives a white precipitate (CdH,O,); on 
adding more AmHO the precipitate readily dissolves. 
171, H,SO,: no precipitate: difference from Pb. 


172. If powdered CdSO, is mixed with Na,CO, in a 
cavity on charcoal and heated in the inner blowpipe 
flame, it gives a brown incrustation. 


1i* 
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Tests. Hg—salts. Pb—salts. 
For liquids, 
Pass HS, or add H,S/| Black precipitate; when fil- | Black precipitate ; ali 
water : tered and well washed, in- insoluble in boiling st 
soluble in boiling strong HNOs, changed by it 
HLNOg, and unchanged by it white PbSO4, 
Add H.S0O4: — White precipitate. 
3. Add AmHO: White precipitate, insoluble in | White precipitate, insolt 
excess. in excess, 
Blowpipe reactions for 
solids, 
Heated with Na gCO3 on —— Yellow incrustation ; 
charcoal in the inner malleable globules. 
blowpipe flame : Test for Hg by 147. 
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173. Group ILA. 


SEPARATION AND DETECTION OF METALS IN GROUP 
ILa. 


175.* This separation depends upon the followinill 
differences :— 
1. The solubility of Bi,S,, CuS and CdS in stron 
boiling HNO,, in which HgS and PbS areinsoluble and | 
remain as HgS and PbSO, respectively. _ . 

2. The solubility of PbSO, in H,T and excess of | 
AmHO in which HgS is insoluble. 

3. The solubility of CuH,O, and CdH,O,, and the 
insolubility of BiH,O, in excess of AmHO. 

4, The solubility of CdS and insolubility of CuS in 
boiling dilute H,SO,. The insolubility of CdS in KCy 
solution, in which CuS easily dissolves, furnishes another 
means of separation. 

The presence of each metal is then confirmed by some 
special test. 
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TABLE OF DIFFERENCES. 


Bi—sualts. Cd—salts, 


hr ck precipitate; soluble | Black precipitate; soluble in | Yellow precipitate; soluble 
fin boiling strong NHOg boiling concentrated HNO ,;; in boiling HNO3, and in 


}to form a colorless solu- to form a blue solution; boiling dilute H,SO4. 
| tion, insoluble in boiling dilute 
i H803. 


P ite precipitate, insoluble | Blue precipitate, easily scl- | White precipitate, easily sol- 
in excess. uble in excess to a deep uble in excess. 
onfirm by 156. blue liquid. 


red _incrustation ; 


jrange No incrustation ; red metallic | Brown incrustation ; no glob- 
|| white brittle globules. 


scales, ules, 
Confirm by 167, 168, 


176.* A solution which may contain the metals of 
Group II.a is first made acid, if not already so, with a 
little HCl; whether the liquid is clear or not, H,S is 
then passed in a rapid stream through it for about five 
minutes ; the precipitate is filtered off; the clear filtrate 
is either mixed with H,S-water, or it is diluted with a 
little water and HS is passed through it again for a 
short time, to ascertain whether the metals have been 
completely precipitated: if no further precipitate is pro- 
duced, the filtrate may be rejected; but in case H,S 
causes further precipitation, the gas must be passed for 
some time longer and the liquid poured again through 
the filter, the filtrate being rejected only when H,S no 
longer produces any precipitate in it; the precipitate is 
then examined by Table II. (435), commencing at 
Group II.a (Copper Group), and using only the left- 
hand side of the Table. 
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GROUP II.s.—ARSENIC GROUP. 


177. This group includes As, Sb, Sn, Au, Pt. 

Its members differ from those of Groups IIT.a, IIT.z, 
IV. and \V. by being precipitated as sulphides by H,S 
from a solution made acid with HCl; they differ from 
those of Group I. by not being precipitated by HCl. 


The sulphides of this Group differ from those of 
Group II.a by being soluble in Am,S and in KHO. 


178. Each metal of this group forms two series of 
compounds, which resemble each other in many reac- 
tions, but also present certain differences. The two 
classes are distinguished conveniently by the termina- 
tions -ic and -ous; thus we speak of arsenic and arsenious 
acid. 


ARSENIC (As). 


Use for an arsenious compound As,O,, dissolved in 
boiling water; and for an arsente compound Na,HAsQ,.- 
12H,O dissolved in water. 


The tests described in paragraphs 179-186 give the same 
ultimate result with both arsenious and arsenic compounds: 
as a rule, however, the reaction proceeds slowly with arsenic 
compounds, since its first stage consists in their conversion 
into arsenious compounds. 

Arsenic compounds are converted into arsenious by boiling 
them with H,SO,, strong HCl, or other reducing agents; arsen- 
ious compounds are oxidized into arsenic compounds by being 
heated with HNO,, or with other oxidizing agents. 

179. H.S produces in neutral solutions of arsenious 
compounds only a yellow coloration ; but if the solution 
is acidified with a few drops of HCl, a light yellow floc- 
culent precipitate (As,S,) forms immediately even in the 
cold 

Filter off some of the As.S, and show that it is insol- 
uble in boiling strong HCl. If some of the rest of the 
liquid containing the precipitate be poured into two test- 
tubes, the gradual addition of KHO or of Am,S will 
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completely dissolve the As,S,, which is reprecipitated, 
however, on the addition of HCl in excess. 

In cold acidified solutions of arsenite compounds H,S 
produces no precipitate ; but if strong HCl is added and 
the solution is boiled, H,S causes in the boiling solution 
first a precipitate of white S and then of yellow As,S,. 

The complete precipitation of arsenic solutions by H.S 
is most rapidly effected by first adding H,SO, to the 
boiling solution until it smells persistently of SO,, then 
boiling until SO, is no longer smelt ; the arsenious com- 
pound thus produced is readily and completely pre- 
cipitated by H,S in the cold solution. 


180. Reinsch’s test—Several narrow strips of sheet 
copper are cleansed with sand paper, or by dipping them 
into strong HNO, ; they are then boiled in the arsenious 
solution, which has been previously acidified by dilute 
HCI; the surface of the copper will soon be coated with 
a dark grey film of As,Cu;. 

The strips are carefully removed, rinsed, gently pressed 
between filter paper, and then dried by heating them in 
the steam oven or by holding them between the finger and 
thumb in the flame ; they are then gradually heated over a 
very small flame in a hot and 
dry test-tube ; a sublimate of 
As,O, will form, which will be 
crystallineand sparkling ifmois- 
ture was entirely absent and the 
sublimation was effected very 
slowly while the sides of the 
tube were hot ; these crystals, if 
examined under the microscope, 
are seen to be transparent, color- 
less, regular octahedra and 
tetrahedra (Fig. 40), and their 
formation under the above conditions is a most valuable 
confirmation of the presence of As. 

If the sublimate is white and non-crystalline it may be 
dissolved in a little boiling water, and the presence of As 
confirmed by applying tests 179, 187 to the solution. 


Fia. 40. 
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The presence of As in the grey deposit should always 
be confirmed by one of the above methods, since other 
metals may be deposited as grey films on the Cu. 


This test serves to detect arsenic compounds after their 
solutions have been reduced by being mixed with strong 
HCl or H,SO, and boiled. 


The following tests (181-184), which depend on the formation 
of very poisonous AsH, gas, should be performed in a cupboard 
provided with good draught or in the open air. 

181, Hofmann’s test.—Pour dilute HCl upon some Zn 
in a small hydrogen 
flask fitted as is shown 
in Fig. 41. The hy- 
drogen as it escapes 
bubbles through solu- 
tion of lead acetate con- 
tained in the second 
flask, and is thus freed 
from any H,S with 
which it might possibly 
—. have been mixed; it is 
SSS SS then allowed to bubble 

ee Canes through AgNO, solu- 
tion contained in a test-tube: if the Zn and acid are free 
from As, as they should be, no precipitate or color is 
produced by the gas in the AgNO, solution. 

If a little As,O, solution is now poured down the fun- 
nel into the hydrogen flask, a black precipitate of Ag will 
begin to form in the AgNO, solution; this is produced 
by the AsH, which is formed by the action of the nascent 
hydrogen upon the <As,O,:—As,O, + 12H =2AsH,+ 
3H,0. 

: The AsH, on passing into the AgNO, solution reacts 
thus : 


AsH, + 6AgNO,+ 3H,0 = 6Ag + H,AsO, + GHNO,. 


Hence Ag is precipitated and H,AsO, remains in solution. 


As soon as a copious precipitate has been obtained, the 
test-tube is removed. It will be best to set aside the test- 
tube with its contents to be examined afterward, and to 


Fig. 41. 
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proceed at once to use the gas, while it is being briskly 
evolved, for reactions 182, 183. 

The liquid in the test-tube is filtered, the precipitate 
rejected, and several drops of AgNO, solution are added 
to the clear filtrate. Some very dilute AmHO is made 
by pouring several drops of AmHO solution into a test- 
tube, then nearly filling up with distilled water and in- 
verting the tube. On mixing this drop by drop with 
the filtrate, a light yellow precipitate (Ag,AsO, or Ag.~ 
HAsO,) will be obtained. ‘The formation of this pre- 
cipitate on the addition of AmHO is explained by the 
fact that H,AsO, is in the solution in the presence of 
AgNO, and also of HNO,, as is seen by the last equa- 
tion ; now AgNO, forms with H,AsO, a yellow precip- 
itate if no free acid is present in the liquid (187) ; hence 
on neutralizing with AmHO the free HNO, which is 
already present, as well as that formed by the action of 
AgNO, on H,AsO,, the precipitate appears : 

H,AsO, + 83AgNO, + 3AmHO = Ag,AsO, + 83AmNO, + 3H,0. 


This precipitate is also readily soluble in AmHO ; hence 
it is necessary to use very dilute AmHO and to add it 
gradually in order to avoid excess. 


182. Marsh’s test—Disconnect the flasks and slip into 
the india rubber joint a tube of hard glass about four 
inches in length, support- 
ing it on a ring of a retort 
stand (Fig. 42); then pour 
in through the funnel tube 
a little strong HCl. 

If the experiment is 
performed as is here di- 
rected, the H will have 
been evolved for some time 
and will have expelledall 2<= 
air from the flask, there- = 
fore there will be no risk 
of an explosion occurring when the gas is lighted ; 
but if the H is being produced for the first time, 
or the flask has been opened or recharged, allow the 
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gas to escape briskly for four or five minutes; then 
ascertain that a test-tube full of it burns quietly before 
adding the liquid to be tested for As and lighting the 
gas at the jet. In any case it is well to cover the flask 
with a cloth before kindling the hydrogen (16). 

On lighting the gas, its flame will be seen to differ 
from that of pure H by its livid blue color and by 
giving off white fumes of As,O,. If these appearances 
are not noticeable, a little more As,O, solution must be 
poured into the flask through the funnel tube. 

Press down upon the flame the inside of a porcelain 
crucible lid or of a porcelain crucible or dish ; a dusky 
black film of As will be deposited upon the cool sur- 
face; pour upon this some freshly-made solution of 
CaCl,O, the stain will be rapidly dissolved. 

Also warm a stain of As inside a porcelain dish with 
Am,§, it will dissolve and the solution will leave yellow 
As,S, when it is slowly evaporated. 


183, Add a little more strong HCl, if necessary, to 
cause the gas to come off rapidly ; light it at the jet and 
heat a point near the middle of the tube strongly (Fig. 
42); a black mirror of As will form just beyond the part 
heated by the flame; the flame burning at the jet will 
meanwhile become colorless, showing that the arsenic 
has been removed from the hydrogen. Heat another 
point in the tube so as to produce a second mirror; then 
divide the tube between the mirrors, and dissolve one 
mirror when cold by warming it with some fresh solu- 
tion of CaCl,O in a test-tube. Heat the other mirror 
gently in a test-tube held obliquely in the flame ; a crys- 
talline sublimate of As,O, will be obtained (Fig. 40). 
Dissolve the sublimate when cool in a little hot 


water and confirm the presence of As by reactions 179, 
187. 


183a. AsH, produces a characteristic color with HgCl, 
solution. Remove the cork from the larger flask and 
push a plug of cotton wool into its neck to stop any 
spurting from the liquid in the flask; then cover the 


| 
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mouth of the flask with a small piece of filter paper 
moistened with HgCl, solution, the paper will become 
colored first yellow, then brown. If paper moistened 
with AgNO, solution be substituted, it is blackened. 


184. Fleitmann’s test—Boil some pieces of Zn in 
KHO solution, H will be evolved which is free from 
odor; if a little As,O, solution is now added and the 
liquid is again boiled, a garlic odor will be perceptible 
owing to the evolution of AsH, :— 


Zn + 2KHO=H,+ ZnK,0,. 
As,O, + 12H = 2AsH, + ar). 


Ifa small piece of filter paper moistened with AgNO, 
solution is placed on the mouth of the tube whilst the 
liquid is being boiled, it will be stained. black by the 
separation of Ag (181). 

This reaction does not succeed with arsenic compounds 
unless they have been reduced by being boiled with 
strong HCl or with H,SO,. 

Sb compounds do not give this result, the test therefore 


_ distinguishes between As and Sb. 


185. Mix any solid substance containing As, which 
has been finely powdered and thoroughly dried in the 
steam oven, intimately ina mortar with about four times 
as much of a mixture of KCy and freshly-ignited 
Na,CO, ; heat this mixture in a little bulb-tube of hard 
glass (Fig. 43), or in a small test-tube about three inches 


Fig. 43. 


in length, observing the precautions stated in the note 
under 147: ablack mirror of As will form in the cooler 
part of the tube and frequently a smell of garlic may be 
detected at the mouth of the tube. 

12 
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If the bulb is cut off and the mirror is gently heated 
in a test-tube, it will be converted into a white sublim- 
ate of As,O, or into transparent octahedral erystals of 
this oxide (Fig. 40). 


186. If any solid substance containing As is mixed 
with Na,CO, and the mixture is heated on charcoal in 
the inner .blowpipe flame, a smell of garlic will be 
noticed when the charcoal is removed from the flame; 
also the flame will be colored livid blue, unless this tint is 
overpowered by the yellow sodium coloration. 


1862. Ifa little solid As,O, is heated in a small ig- 
nition tube, it will be readily sublimed ; if the As,O, is 
perfectly dry, and is sublimed very slowly after the 
upper part of the tube has been first heated in the flame, 
the sublimate will sparkle and on examination under the 
microscope it will be seen to consist of octahedral erys- 
tals (Fig. 40). 
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Distinctive Tzsts ror Arsentous anp Arsenio Compounps. 


Arsenie compound. 
Arsenious compound. é 
Reagent. a = Use NagHAsU,4.12H,O 
Use As,03 dissolved in H,0. Gisactvcd in ¥ 1,0. 


187. AgNO,, | Light yellow precipitate, Brown precipitate, 
several drops | (Ag,HAsO, or Ag,AsO,):| (Ag,AsO,): show 
are added. this precipitate forms only | that it is soluble 

on adding carefully, drop | in AmHO and in 
by drop, a little dilute | HNO,. 
AmHO:* show that it is 
dissolved by AmHO and 

by HNO, It is also 
appreciably soluble in 
AmNO,: hence, if too 

much AmHO has been 
added,the precipitate does 

not always form on neu- 
tralizing with HNO,. 

188. CuSO,, | Yellowish green precipitate | Pale green precipitate 
several drops: | (Cu’”HAs0Q,): this precip- | (CuHAsQ,): soluble 

itate forms only on adding | in AmHO and in 
dilute AmHO carefully, | HNO,. 

drop by drop: show 

that it is soluble in 

AmHO and in HNO,. 

189. CuSO,, | The above yellowish green | No clear blue solution 
two drops: | precipitate is first pro-| is obtained, and no 
then KHO/| duced, but on addition of | Cu,O is produced on 
added : more KHO this dissolves | boiling the liquid. 

to a clear blue liquid, 
which on being boiled 
deposits red Cu,0. 


190. AmCl, | No precipitate. White crystalline pre- 
AmHO, and cipitate (MgAmAs0,): 
MgSO, : if filtered off and 

moistened with 


AgNO, solution on 
the filter it becomes 
brown. 


* AseOzs when dissolved in water yields HsAsO,, which cannot give 
with AgNOs the Ag,AsOs precipitate because this decomposition would 
liberate HNO,,in which Ag;AsOs is soluble; hence the addition of 
AmHO is necessary to neutralize the free acid; but since the precipi- 
tate is also soluble in AmHO, the latter must be added carefully in 
only just sufficient quantity to neutralize the acid. This is best effected 
by using some very dilute AmHO, made by pouring a few drops into a 
test-tube, filling the tube two-thirds with distilled water, then closin 
it with the thumb, and inverting it fora moment. The dilute AmH 
is to be added drop by drop, shaking or stirring the test solution after 
each addition until the precipitate is obtained. 
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Antimony (Sb).—Use SbCl, in dilute HCI. 


Antimonicand Antimoniouws compounds give results ultimately 
identical in the following reactions (191-198), with the exception 
of 192. After these reactions, which are common to Sb in 
both its sets of compounds, two are given which are distinctive. 


191. 4,8: orange red precipitate (Sb,S,): pour off into 
three tubes, and show that the precipitate is dissolved 
when it is warmed with pure KHO or with Am,§, but is 
reprecipitated from these solutions on the addition of HCI 
in excess: also that it is soluble in boiling strong HCl. 


192. If poured into much water, SbCl, solution yields 
a white precipitate or turbidity (SbOCl) : this precipitate 
redissolves on adding HCl and warming, and is also 
readily soluble in H,T; in this latter respect it differs 
from the similarly formed BiOCI precipitate (156). 


193. If the acid SbCl, solution is poured upon some 
platinum foil in a porcelain dish and a piece of Zn 
is dropped upon the foil, the platinum will be rapidly 
coated with a black deposit of Sb. Ifthe foil is rinsed 
with water and then boiled with HCl, the stain remains 
undissolved, but it is rapidly removed by boiling HNO,. 

Sb may be detected by the evolution of SbH, when a solution 
containing it is poured into a hydrogen apparatus, as is directed 


in 181 for an arsenic solution; this gas differs from AsH, by 
being free from smell and from poisonous properties. 


194. If SbH, is passed into AgNO, solution (181), it 
produces a black precipitate (SbAgs) :-— 


SbH; + 3AgNO,=SbAg;4 3HNO;. 


Filter off this precipitate and reject the filtrate, which 
will contain no Sb: wash the precipitate four or five times 
with boiling water upon the filter: then pour upon it 
boiling dilute H,T solution, which will dissolve the Sb; 
receive the liquid in a test-tube; boil it, and pour it once 
more upon the filter; add HCl to the liquid, filter, if 
necessary, from AgCl and pass H,S into the acid solu- 
tion, orange red Sb,S; will be precipitated. 


195, A stain produced by Sb on porcelain in the manner 
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already described in 182 differs from the As stain by 
presenting a dead surface and by being insoluble in 
CaCl,O solution ; also when the stain is dissolved by 
warming it with Am,S, the solution, if evaporated by a 
gentle heat, leaves orange red Sb,S,. 


196, The Sb mirror, obtained as is described in 183, 
differs from the As mirror by being formed much 
nearer to the flame and on both sides of the heated part 
of the tube, owing to Sb being less volatile than As; 
it may further be distinguished by the test given in 195, 
This mirror, if oxidized by sublimation, is also insolu- 
ble in boiling water: if it is then dissolved in a little 
boiling HCl, the solution gives an orange red precipi- 
tate (Sb,S,) when H,S is passed into it, whereas the 
As,O, solution gives yellow As, S,. 


196a. SbH, acting on filter paper moistened with 
HgCl, solution, as is described in 183a, yields a greyish 
brown stain. 


197. If a solution containing Sb is boiled with Zn 
and KHO, it does not evolve SbH,; hence the escaping 
hydrogen does not stain paper moistened with AgNO, 
solution (184). This test distinguishes As from Sb. 


198. If a little solid substance containing Sb is 
mixed in a cavity on wood charcoal with Na,CO, and 
KCy and the mixture is heated in the inner blowpipe 
flame, a white incrustation forms on the charcoal and 
white globules of metallic Sb are obtained which are 
extremely brittle. The flame is seen to be colored pale 
green, unless this tint is concealed by the yellow sodium 
coloration. When the melted Sb is withdrawn from the 
flame, each globule emits a white smoke and coats it- 
self with sharp white crystals of Sb,O,. 

The two distinctive tests (199, 200) for antimonious 
and antimonie compounds given in the following Table 
are seldom used ; they may be read through without 
trying the reactions, and may be referred to hereafter 
if required for analytical purposes. 

ia 
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GROUP II.B.—ANTIMONY, TIN. 


[199-203. 


Distinctive Tests ror Antrmonious AND ANTIMONIC 


Reagent. 


199. Add excess of 
KHO, then AgNOg 
solution : 


200, Add excess of 
HCl and warm; 
then pour in a 
little KI solution : 


Compounns. 


Antimonious. 
Use the above solution of 
SbClg in dilute HCL. 


A dark-colored _ precipitate 
which when shaken after 
addition of AmHO leaves 
black Ag,O undissolved. 


No iodine is set free; proved 
by the liquid not turning 
brown and giving no color 
after being cooled and mixed 
with freshly-prepared starch 
solution. 


Antimonic. 

Use KoSb.0, solution, ob- 
tained by boiling some 
** Potassium metantimo- 

nate’’ with H,0. 


A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO. 


Todine is liberated, giving a 
brown color to the liquid 
and yielding a deep blue 
color when starch svlu- 
tion is added to the cold 
liquid. : 


Tin (Sn).—Stannosum and Stannicum. 
Distinctive Reacrions ror Strannous AND STANNIC 


201. Pass H,S: 


202. HgCl,: 


203. AuCl,: 
added after a 
drop of Br- 
water : 


Compounns. 


Stannous, 
Use SnCly.2H.0 dissolved in 
dilute HCl. 


Dark brown preeipitate,* 


(SnS): soluble in KHO 
and in yellow Am,S on 
heating; reprecipitated 
by HCl, from the KHO 
solution as brown SnS, 
from the Am.S solution 
as yellow SnS,. SnS 
is insoluble in colorless 
Am,S. 


White precipitate (Hg2Cle) : 
turns grey on being boiled 
if the SnCle is in excess 
(145). 


Purple or dark brown preci- 
pitate of “‘ Purple of Cas- 


”» 


Stannic. 
Use SnCl, in dilute HCl. 


Yellow precipitate,* 
(SnS,), often form- 
ing only when the 
liquid is heated; 
soluble in Am,S 
(both yellow and 
colorless) and in 
KHO on _ heating, 
reprecipitated by 
HCl as yellow Sn8, 
from both  solu- 
tions. 


No precipitate. 


No precipitate. 


* Both SnS and Sn&: are readily soluble in boiling HCl. 
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The following reactions give ultimately the same re- 
sults with both stannows and stannic compounds : 


204. Zn when immersed in an Sn solution which 
has been acidified with HCl becomes coated with a 
spongy mass of Sn: the Zn should be allowed to remain 
for some time.in the solution in a small porcelain dish ; 
the action is much hastened by gentle heat. If the Zn 
rests on platinum foil the Sn is deposited in a spongy 
state on the Zn and does not stain the Pt black, differing 
in this way from Sb. The deposition of Sn from SnCl, 
is much more rapid than from SnCl,. Sn is often pre- 
cipitated in this reaction in beautiful crystals. 

The deposit of Sn may be rubbed and washed off the 
Zn ina porcelain dish, rinsed into a test-tube, and dis- 
solved in a little boiling strong HCl; it will yield with 
HgCl, solution a white precipitate of Hg,Cl, (202). — 
This reaction depends upon the presence of SnCl, in the 
acid solution, and this is converted by exposure to the 
air into SnCl,. 


205. If any solid compound containing Sn be mixed 
with powdered Na,CO, and KCy and heated on charcoal 
in the inner blowpipe flame, a slight white incrustation 
will be obtained, together with white particles of metallic 
Sn which are with difficulty fused into globules. The 
globules of Sn are malleable, but differ from those of 
Pb by their greater hardness, which prevents them from 
marking paper (153). 


Gop (Au).—Use AuCl, solution : note its light yellow color. 


SnCl,, containing a little SnCl, : purple or dark brown precipi- 
tate of Purple of Cassius, which is best seen when the test is 
made in a white porcelain dish. 


FeSO, produces either at once, or on heating the solution, a 
very finely-divided precipitate of Au: the liquid usually ap- 
pears biuish by transmitted light and is always copper red and 
turbid by reflected light: —2AuCl,;+ 6FeSO,=2Au-+ 2Fe, 
(SO,)s+ Fe,Cl,. 


H,S0;, produces on boiling a similar precipitate of Au: by 
boiling the liquid for some time in a porcelain dish the Au 
settles in small black masses and the solution loses its color. 
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PLATINUM (Pt).—Use PtCl, solution: note its reddish yel- 
low color. 

AmCl added to a strong solution produces on standing for 
some time, or more quickly on being stirred, a yellow precipi- 
tate (Am,PtCl,), which is soluble in much hot water. 

SnCl, gives a reddish brown color (PtCl,) in the solution 
acidified with HCl :—PtCl,+ SnCl, = PtCl, + SnCl,. 

The method of separating and detecting Au and Pt is fully 
stated in paragraphs 472-474. 


206. Group II.p.—TABLE oF DIFFERENCES. 


The following tests answer for these metals in both sets of com- 
pounds: for further distinctive tests see the preceding reactions. 

No.3 may be omitted, unless decisive results have not been 
obtained by 1 and 2. 


Tests. 


For liquids. 


Pass HS into 
the solution 
acidified with 
HCl and heat; 
if no precipi- 
tate forms, heat 
to boiling, and 
again pass H2S: 


. Znand HCl on 
platinum : 


. Znand HCl: 


coal in the 
inner blowpipe 
flame. 


Yellow __ precipi- 
tate, insoluble 
in boiling 
strong HCl. 

Arsenic com- 
pounds give 
this precipitate 
only on boil- 
ing: arsenious 
in the cold. 


AsHg evolved, no 


stain on the 
platinum. 


As Hz 


gas_—s iis 
evolved, which 
if passed into 
AgNOs solution 


Confirm by heat- 
ing same mix- 
ture in an 
ignition tube 
(185). 


Orange red preci- 
pitate, soluble 
in boiling 
strong HCl. 


Black stain of 
Sb on the plat- 


imum, 


SbHz gas is 
evolved, which 
if passed into 
AgNOs solution 


Brown 
cipitate 
stannous : 

Yellow 
cipitate 
stannic : 

Both soluble in 
boiling strong 
HCl. 


pre- 
with 


pre- 
with 


Sn deposited on 

the zinc, no 
stain on the 
platinum, 


Sn is deposited on 
the Zn. strips: 
and if dissolved 
in boiling HCh 


gives a black gives a precipi- gives a white 
precipitate of tate of AgeSb, precipitate on 
Ag, HgAsOg be- from which hot addition of 
ing left in solu- H2T solution HgCle. 
tion ; onadding dissolves Sb; 
dilute AmHO HS gives in 
to this solu- this solution, 
tion, yellow after adding 
AgsAsOz is pre- HCl, orange- 
cipitated. red SboS3. 
For solids, 
. Heat with| No metallic glob-| Brittle metallic | Malleable metal- 
NaeCO3 and ules; smell of globules, white lic globules, 
KCy on char- garlic. incrustation. white incrusta- 


tion. 
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SEPARATION AND DerecTION oF MErTALs IN Group IL.z. 

Several methods have been proposed for the separa- 
tion and detection of As, Sb and Sn, when they are 
mixed; the most trustworthy are those introduced by 
Hofmann (208) and by Fresenius (210); but a method 
which is more simple and can be much more rapidly 
carried out is described in 209. 

207.* From a solution which may contain As, Sb and 
Sn, these metals are first precipitated as sulphides by 
passing H,S into the acidified solution; after filtering 
off the sulphides, the filtrate is again tested by passing 
H,S through it and warming, in order to see whether 
the precipitation has been complete. When no further 
precipitation is produced by H,S, the precipitate is ex- 
amined by 208, 209 or 210. 

208.* Hofmann’s method consists in pouring the so- 
lution of the metals into a flask, in which H is being 
generated by the action of HCl upon Zn; Sn will re- 
main as a spongy mass on the Zn, while As and Sb will 
be evolved as AsH, and SbH,; these two gases are 
passed into AgNO, solution and yield soluble H,AsO, 
and insoluble Ag,Sb, which are separated by filtration ; 
after the three members of this group have been thus 
separated, they are detected by the special tests already 
described, which are tabulated in 435 b. 

209.* The following method of examining a precip- 
itate, which may contain the sulphides of As, Sb, Sn 
(207), is simple and expeditious, and is sufficiently ac- 
curate when traces of these metals have not to be 
looked for. 

It depends upon the insolubility of As,S, in hot, 
strong HCl, in which SnS, SnS, and Sb,§, are soluble; 
the further separation of Sb and Sn is effected either by 
adding Zn alone to the acid solution, when Sb is evolved 
as SbH, and Sn is deposited upon the Zn; or by add- 
ing Zn and Pt, when Sn is deposited on the Zn and Sb 
on the Pt. 

The precipitate produced by H,S (207) is filtered off 
and allowed to drain for some time upon the filter in 
the funnel ; it is best to drain it still further by care- 
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fully taking the filter out of the funnel, opening it out, 
and spreading it upon a piece of filter paper folded sey- 
eral times, or upon a pile of three or four cut filter pa- 
pers. The precipitate is then removed to a small porce- 
lain dish and heated for some time nearly to boiling with 
strong fuming HCI; the liquid is cooled and filtered :— 


The residue will 
consist, chiefly of 
AseSs, which is 
almost insoluble 
in strong HCl. 

Dry the washed res- 
idue on the filter 
at a gentle heat, 
then mix it with 
three or four times 
as much powdered 
KCy and NazCOs, 
and heat the mix- 
ture in a small 
bulb-tube, remov- 
ing any drops of 
water inside the 
tube by a twisted 
piece of filter 
paper; a black 
mirror (185) :— 


The filtrate may be examined for Sb and Sn by 

either I. or IL. below :-— 

I. Place a piece of platinum foil in a porcelain 
dish and pour the acid filtrate upon it, then 
touch the foil with a piece of Zn; H will come 
off with effervescence, and if either at once or 
after a few minutes a black stain appears 
upon the platinum, the presence of Sb is indi- 
cated.* 

The platinum-foil is removed and pieces of 
Zn are placed in the liquid: as soon as the 
bubbles of H cease to be given off, Zn still re- 
maining undissolved, remove the pieces or Zn, 
rubbing and rinsing any dark deposit back 
into the dish; let this deposit settle, decant 
the liquid and heat the solid deposit with 
strong HCl for several minutes in a test-tube, 
dilute with a little water, filter if necessary, 
and add a few drops of HgCl, solution: a 
white or grey precipitate (204, 202) indicates 
the presence of Sn. 


Presence of As. 


II. The acid filtrate is poured into alittle hydro- 
gen flask (Fig. 41, p. 118), in which H has been 
coming off briskly for about five minutes, being 
produced by the action of a little strong HC] 
on some pieces of Zn. The H is lighted at the 
jet, and the inside of a small porcelain dish or 
crucible lid pressed down upon the flame: a 
black stain not dissolved by solution of bleach- 
ing powder shows the presence of Sb. 

The residue in the flask is tested for Sn, as 
directed in the latter part of I. (above). 


Note—The As oS3; may 
also be dissolved by heat- 
ing with a little fuming 
HNO3. The excess of 
HNOg is boiled off and 
As detected as HgAs04 
by adding AmCl, excess 
of AmHO and MgSO. 
(190) ; or by addition o 
AgNOs, and then cau- 
tiously neutralizing with 
AmHO (187). 


* The Sb thus deposited on the Pt may, after rinsing the foil, he 
dissolved by heating the Pt in a test-tube with a little very dilute 
HNOs; on cooling, diluting and passing H2S, an orange-red precipi- 
tate will form, confirming the presence of Sb. 

210.* Fresenius’ method of detecting As, Sb and Sn is 
very delicate and trustworthy. It depends upon the fact 


that fusion with Na,CO, and NaNO, converts As,S, into 
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soluble Na,HAsO,, Sb,S, into insoluble Na,H,Sb,O, and 
SnS, into insoluble Sn or SnO,. 

The precipitated sulphides (207) are dried on the filter, 
and the precipitate* well mixed on a watch glass or in 
an agate mortar with equal weights of powdered Na,- 
Co, and NaNo,; this powder is dropped in small 
quantities at a time into some NaNO, kept melted in a 
small porcelain crucible over a Bunsen flame. When 
the powder has all been added, the crucible is heated 
sufficiently to keep the substance melted for a few min- 
utes,and the fused mass is then poured into a small, 
dry porcelain dish ; as soon as the substance has cooled, 
cold water is poured upon it in the dish and also upon 
the residue adhering to the inside of the crucible, and 
the solid substance is allowed to soak for some time 
with occasional stirring, crushing it by pressure with a 
pestle if it does not easily fall to pieces; it is then fil- 
tered : 


The residue is washed on the filter with a mixture | Filtrate: HNO, is 


of equal measures of water and alcohol, to pre- 
vent solution of the NazH2Sb207; the washings 
are rejected. The precipitate is then rinsed 
into a small porcelain dish, using as little 
water as possible ; a few drops of strong HCl 
are added and the dish is heated, more HCl 
being added, if necessary, to make the liquid 
acid to litmus paper. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. Remove the foil after a few seconds ; 
if it shows a black stain the presence of Sb is 
proved.t When the Zn ceases to be acted 
upon, Sn if present will remain as a spongy 
deposit. This is to be washed by decantation, 
dissolved by boiling with HClin a test-tube, 
and HgCle added immediately to the solution ; 
a white precipitate (202) shows the presence 
of Sn. 


added until the 
solution is just 
acid after be- 
ing boiled, then 
AgNO, | solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO is added 
little by little; ¢ 
a brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As. 


*If the quantity of the precipitate is very small, the part of the 


paper containing the precipitate is cut up into small pieces and treated 
as the precipitate. 

+ See foot-note on page 130. 

t Instead of mixing dilute AmHO with the liquid, it may be ecare- 
fully poured upon the top of the liquid; a brown color is then seen 
at the surface of contact. 
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GROUP I.—SILVER GROUP. 


211. This group includes Pb, Ag, Hg’. 
The compounds of these metals differ from those of 
all other metals by being precipitated as chlorides by 


HCl or by soluble chlorides; since, however, PbCl, is — 


somewhat soluble in water, Pb is not entirely precipi- 
tated and is also found in Group II.A as PbS. ‘ 


LEAD (Pb). 


The reactions for Pb have been already given under 
Group II.a in paragraphs 149-153, 


SrtverR (Ag).—Use AgNO, solution. 


212. HCl: white precipitate (AgCl), becomes curdy 
on being shaken or heated: pour off into four tubes ; 
filter one, wash the precipitate and let it stand for some 
time exposed to sunlight or common daylight, it will 
become blackish purple; show with the other portions 
that AgCl dissolves readily when heated with AmHO 
or with KCy solution, and is precipitated again from 
these solutions on adding HNO, in excess ; also that it 
is insoluble in HNO, even on boiling. 


213. H,S or Am,S: black precipitate (Ag,S), insoluble in 
Am,S and in KHO, soluble in boiling dilute HNO,. 


214, KHO: brown precipitate (AgHO), insoluble in excess. 


215. AmHO: light brown precipitate, produced only 
when very dilute AmHO is added drop by drop, since 
it is very easily soluble in excess of AmHO. 


216. If any solid substance containing Ag is mixed with 
powdered Na,CO, and heated on charcoal in the inner blow- 
pipe flame, it will give white malleable globules or scales of 
Ag, but no incrustation. 
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Mercurosum (Hg’).—Use Hg’,(NO,)2.H,O in dilute 
HNO, 

Reactions (144-148) for mercuric salts yield precisely similar 
results with mercurous salts; the two following reactions (217, 


218), however, serve to distinguish mercuric from mercurous 
salts : 


217, HCl: a white precipitate (Hg’,Cl,), insoluble 
in dilute acids unless warmed with both HCl and 
HNO,, which convert it into soluble Hg’’Cl,: becomes 
black when AmHO is poured upon it, but does not dis- 


solve. 


2. Add AmHO, very 
dilute : 


3. Add K,Cr0,: 


For solids, 


4. Fuse with 
NagCO, on char- 
coal in the inner 
blowpipe flame : 


White precipitate, 
soluble in boiling 
water ; AmHO 
neither dissolves the 
precipitate nor 
changes its color. 


White precipitate, in- 
soluble in excess. 


Bright yellow precip- 
itate. 


White malleable glob- 
ules of metal which 
mark paper; yel- 
low incrustation on 
the charcoal. 


White curdy precip- 
itate, insoluble in 
boiling water, easily 
soluble im warm 
AmHO. 


Brown precipitate, 
readily soluble in 
excess. 


Chocolate red precip- 
itate, 


White malleable glob- 
ules or scales which 
do not mark paper; 
no incrustation, 


A solution of a mercuric salt is not precipitated 
by HCl or by solutions of chlorides, 


218. AmHO, or KHO : black precipitate, insoluble in 
excess. Ina solution of mercuric salt AmHO usuall 
causes a white precipitate (NH,HgCl), and KHO pre- 
cipitates yellow Hgo. 
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White precipitate, 
insoluble in boiling 
water ; insoluble in 


Black precipitate, in- 
soluble in excess. 


Scarlet red precipi- 
tate. 


No metallic glob- 
ules. 

Confirm by heating 
with Na gCOg in an 
ignition tube (147). 
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SEPARATION AND DETECTION OF METALS IN Group I. 
221.* The following differences are made use of : 


1. The solubility of PbCl, in boiling water, in which 
AgCl and Hg’,Cl, are insoluble. 


2. The solubility of AgCl in AmHO, in which 
Hg’,Cl, is insoluble. 


The presence of each member when separated is then 
confirmed by one of its special tests. 


222.* A solution which is to be examined for Pb, Ag, 
Fg’ is precipitated by adding HCl in excess ; it is then 
filtered and the clear filtrate is tested with more HCl to 
ascertain that no further precipitate is produced: the 
precipitate is then examined by Table I. (433). 


The foregoing reactions only include those for the metals of 
common occurrence. For information concerning the reac- 
tions, detection and separation of the rarer metals and organic 
bases, the student is referred to the latter part of the sixth sec- 
tion of this book. 
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REACTIONS FOR ACID RADICLES. 


The acid radicles are usually detected in the course of 
analysis by special tests: they cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is the case with the metals. 
Accordingly, the arrangement here adopted consists in 
placing together in a group such acid radicles as some- 
what resemble one another in their reactions, and at the 
end of each group stating upon what differences the de- 
tection of its members when occurring together depends. 


The reactions for acid radicles are worked through in 
the same way as those for the metals, a salt or other com- 
pound containing the radicle being employed. At the 
end of each group the student may with advantage detect 
one or more of its members, as was done with the metals. 


The systematic Tables of Differences, such as are given 
for each group of the metals, are not drawn out for the 
acid radicle groups ; the student should have no difficulty 
in constructing such tables for himself, either mentally 
or on paper, by looking through the reactions. 


GROUP I—SULPHATE GROUP. 


Sulphates are the only commonly occurring salts which 
give with BaCl, a precipitate insoluble in boiling HCI. 
Fluosilicates resemble sulphates in this respect, but they 
differ in so many other reactions that they are considered 
hereafter (299-301) in connection with fluorides and 
silicates, to which they are analytically more closely re- 
lated. Selenates also yield a precipitate of BaSeQ, on 
addition of BaCl,, but it dissolves when boiled for some 
time with strong HCl. 
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SuLPHATES (—’’SO,).—Use Na,SO,.10H,O. 


227. BaCl,, or Ba(NO,).: white precipitate (BaSO,), 
insoluble when boiled with dilute HCl or HNO,. 

Add BaCl, or Ba(NO,), to strong HCl or HNO,, a 
white precipitate will be produced consisting of BaCl, or 
Ba(NO,),, which are insoluble in the strong acids: these 
precipitates are readily distinguished from BaSO, by 
their solubility in water. 

228. Ifa sulphate, or any solid substance containing 
sulphur, is mixed with solid Na,CO, and fused on char- 
coal in the inner blowpipe flame, it will yield Na,S :— 


Na,S80, + 4C = Na,S+ 400. 


The Na,S is readily detected by detaching the cold solid 
mass from the charcoal with the point of a knife, placing 
a portion of it upon a bright silver coin, and moistening 
it with a drop of water: after the moistened mass has 
remained upon the coin for a short time it is rinsed off, 
and a black stain will then be seen upon the silver where 
the substance has rested (231). 

Another portion of the cool mass may be moistened 
with a drop of HCl; a fetid smell of H,S will then be 
observed, and a piece of paper moistened with PbA, 
solution and held above it will be blackened (230). 

This test. is evidently only of value for detecting a 
sulphate when it is known that sulphur is not present in 
any other form in the substance to be tested. _It is also 
necessary that sulphur should not be introduced in the 
Na,CO, or by the flame ; and since coal gas may contain 
sufficient sulphur to give the above reaction with pure 
Na,CO,, it is always advisable to employ the flame of a 
spirit lamp rather than that of a gas burner for this 
reaction. 


Hydrogen sulphate, or sulphuric acid (H,SO,), may be 
detected by producing black, charred stains on paper | 
which has been dipped into it and dried by heat: it also 
has a strongly acid reaction to litmus, and evolves hy- 
drogen when it is warmed with Zn : these properties are, 
however, shown by some metallic and acid sulphates. 
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GROUP II.—CARBONATE GROUP. 


The five following classes of salts give off charac- 
teristic gases when acted upon by HCl. 


CarBonaTEs (—’’CO,).—Use Na,CO,, or CaCo,. 


229. HCl, HA, H,T, or almost any other acid, if 
poured upon a carbonate in a test-tube, causes colorless, 
almost inodorous carbon dioxide gas (CO,) to escape 
with effervescence ; this gas is recognized by its property 
of turning lime or baryta water milky by the produc- 
tion in them of an insoluble carbonate. 

The test may be tried in several ways. 

1. The acid may be poured upon the carbonate in a 
test-tube: a glass rod which has been dipped into some 
perfectly clear lime water and has a small drop adher- 
ing to its end is then introduced into the test-tube, with- 
out touching the liquid or the inside of the tube; the 
drop will quickly become milky: the milkiness is best 
seen when the drop is held above a dead black sur- 
face. 

2. Since Co, gas is much heavier than air, it will re- 
main in the test-tube if the tube is held erect and its 
mouth is loosely closed with the thumb ; by gradually 
sloping the tube the heavy gas may then be poured 
into another test-tube containing lime water, without 
allowing any liquid to flow out; on closing this tube 
with the thumb and shaking the lime water up with the 
gas, the liquid will become milky. 

3. The acid may be’ poured upon the carbonate in a 
small beaker, which is immediately covered with a watch 
glass with its convex surface downwards and having a 
drop of clear lime water adhering to the middle: the 
drop wiil become milky. 

4, If the CO, is given off in considerable quantity, it 
may be made to pass into some lime water contained in 
a separate tube; this is effected by either of the forms 
of apparatus shown in Fig. 44, on the next page. 

13* 
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In testing for a carbonate the following precautions must be 
attended to: 

Since the milkiness produced in lime water by CO, gradually 

disappears when more CO, is absorbed, if the 

Fia, 44. lime water does not become milky at once, it 

must be constantly watched in order to avoid 

the risk of its becoming milky and clear again 
before being seen. 

Also, if the addition of the first few drops 
of acid does not cause an effervescence of 
CO,, more acid should be added, since many 
carbonates retain the first portions of CO, by 
forming acid carbonates, as is shown by the 
following equation: 

Na,CO, + CO, + H,O = 2NaHCO,. 

Hydric carbonates, or bicarbonates, are decomposed by heat 
into normal carbonates with escape of CO, and H,O: prove 
this by adding NaHCO, to boiling water in a test-tube, when 
effervescence will occur: : 

2NaHCO, = Na,CO,; + CO, + H,0. 

A solid substance which is being tested for a carbonate by 
HCI should be first moistened so as to drive out the air bubbles 
entangled in it, since these whilst escaping might be mistaken 
for a slight effervescence of CO,. 

A solution of a bicarbonate made in cold water gives no pre- 
cipitate with MgSO, solution, but after being boiled the solu- 
tion will contain a normal carbonate and will precipitate white 
MgCo,. 

With HgCl, the solution of a bicarbonate yields a pale yellow 
precipitate, while solution of a normal carbonate yields a red 
precipitate. 

Hydrogen carbonate, or carbonic acid (H,CO,), can 
only exist in dilute aqueous solution ; addition of lime 
water to its solution causes milkiness ; but since other 
substances in solution behave in a similar way, the acid 
is best found by boiling the liquid and passing the CO, 
which is evolved with the steam into lime water; the 
lime water becomes milky. 


SuLPHIDEs (—’’S).—Use FeS or Am,S. 


230, HCl or H,SO,when poured upon a small frag- 
ment of FeS causes H,S gas to escape with efferves- 
cence: this gas is detected by its fetid smell, resembling 
that. of rotten eggs, and by its property of blackening 
PbA, solution, owing to the formation of PbS. The gas 
may be made to act upon the PbA, solution by the 
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methods given for CO, (229, 1-4); ora small strip of 
filter paper, moistened with the solution, may be intro- 
duced into the gas on the end of a glass rod. 

This test is made much more delicate if the paper is 
moistened with a solution prepared by adding KHO to 
boiling PbA, solution until the precipitate formed at first 
is redissolved : a test paper thus prepared becomes in- 
tensely blackened by H,S. The paper strip should be 
attached to the rod by only half its length, so as to ex- 
pose both sides of the free end to the gas. 

231. A solution of a sulphide if dropped upon a bright 
silver coin produces a black stain (Ag,S); this may be 
removed by rubbing the coin with moist lime. 

232, An insoluble sulphide such as FeS, which gives 
off H,S on the addition of HCl, produces a black stain 
when it is placed on a silver coin and moistened with a 
drop of HCl. 

233. PDA, solution gives with soluble sulphides a 
black precipitate (PbS). The solution produced by 
adding KHO in excess to PbA, solution is a more deli- 
cate reagent for this test. 

234, Free S and many sulphides, when strongly 
heated in a test-tube, give a sulphur sublimate of brown 
drops or yellow powder: and if heated in a tube, open 
at both ends and held obliquely in the flame, they give 
off SO, gas, which may be recognized by its pungent 
smell and by turning paper moistened with K,Cr,O, so- 
lution green. 

235. Reaction 306 for a cyanide may be employed 
as a very delicate test for a soluble sulphide. 

An insoluble sulphide, when fused in a covered por- 
celain crucible or in a closed hard glass tube with 
Na,CO,, yields soluble Na,S. 

A sulphide when fused with KNO, or when heated 
with strong HNO, yields a sulphate, which may be de- 
tected in solution by BaCl, (227). 

Hydrogen sulphide, or hydrosulphurie acid (HS), in 
aqueous solution is easily recognized by 231 or 233; 
unless the solution is very dilute it emits H,S, which is 
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readily detected by its smell, or by suspending lead 
acetate paper over the liquid. 


Sutpurres (—’SO,).— Use Na,SO,. 


236. HCl or H,SO, when poured upon Na,SO, and 
warmed gives off SO, gas, which is known by its pun- 
gent smell and by turning K,Cr,O, solution green : a 
drop of the K,Cr,O, solution hanging on the end of a 
glass rod may be exposed to the gas (229), or a small 
strip of filter paper may be wetted with the bichromate 
solution and then attached by half its length to the rod, 
the other half hanging freely in the gas. H,T solution 
does not evolve SO, from a sulphite. 


237. BaCl,: white precipitate (BaSO,): entirely sol- 
uble in HCI, unless Na,SO, is also present, when BaSO, 
remains undissolved: on adding Cl- or Br-water to the 
HCl solution, BaSO, is formed and precipitated :— 

BaSO, + 2HCl = BaCl, + H,SO,. 
BaCl, + H,SO, + H,O + 2Cl = BaSO,+ 4HCl. 


238. The addition of Na,SO, solution toa mixture of 
HCl and Zn, which is giving off pure H, immediately 
causes an evolution of H,S: the H,S is detected by its 
smell, or by blackening a piece of filter paper moist- 
ened with solution of PbA, or of PbO in excess of KHO 
(230). 

Hydrogen sulphite, or sulphurous acid (H,SO,), can be 
detected in aqueous solution by adding a drop of 
K,Cr,O, solution, which will at once become green: strong 
aqueous solution slowly evolves SO,, which is detected 
by its smell; dilute solutions also evolve SO, when they 
are heated. 


THIOSULPHATES, OR HyPOSULPHITES (—’’S,O,). 
Use Na,§8,0,.5H,O solution. 
239. HCl or H,SO, causes no immediate change in the 
cold solution, but the acidified liquid after standing for a 
few seconds deposits a precipitate of yellow Sand then con- 
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tains H,SO, ; hence SO, may be recognized by its pun- 
gent smell when the liquid is heated, and may be 
detected in the solution by adding a few drops of red 
K,Cr,O, solution, which changes color to green. 

240.— Fe, Ci, gives a reddish violet color, which vanishes after 
a short time in the cold and immediately when heated; the 
Fe,Cl, solution at the same time loses its yellow color owing 
to the change of Fe,Cl, into FeCl,. 

240a. AgNO,; a white precipitate (Ag,S,O,), be- 
coming black after standing for a short time, or imme- 
diately when heated, owing to the formation of AgS: 


Ag,S,0,+ H,O = Ag,S+ H,SO,. 


The above precipitate (Ag,S,O,) dissolves very readily 
in excess of the Na,S,O, solution ; hence it is most easily 
obtained by dropping the latter into some AgNO; solu- 


tion. 


Hydrogen thiosulphate, or thiosulphurie acid (H.8,0,), 
is extremely unstable, rapidly separating into S+ H,SO, 
(239). 


Hypocuiorites (—’ClO).— Use CaCl,0. 


Hypochlorites in the solid state or in strong solution give off 
a faint smell of Cl. 

241, HCl, H,SO,, H,0, or even CO, sets free Cl from 
a hypochlorite in the cold; the gas may be recognized 
by its smell, its Pe ales color, and by bleaching a 
piece of moistened litmus paper which is held for a 
short time in the tube; if the Cl is small in quantity 
and remains dissolved,a piece of litmus paper may be 
shaken up with the solution. 

Bleaching by the solution may occur even without the 
addition of acid, owing to the bleaching power of the 
hypochlorite itself or to the liberation of Cl by the CO, 
in the air; on the addition of any acid, however, the 
bleaching of the immersed paper is very rapid : 


CaCl,O + 2HCI= 2Cl+ CaCl,+ H,0. 
242. Ifa solution of a hypochlorite is added in large 
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quantity to PbA, solution, it gives a white precipitate 
which becomes red and then dark brown (PbO,) when 
the liquid is boiled for a short time. 

When a hypochlorite is heated with MnCl, solution, 
it also gives a dark brown precipitate. 


Hydrogen hypochlorite, or hypochlorous acid (HCIO), 
is a yellow liquid with sweetish smel], and is very un- 
stable unless largely diluted; it bleaches litmus and 
evolves Cl when it is warmed with HCl. 


Nrirrites (—/NO,).—Use KNO,. 

243. When a nitrite is warmed with dilute H,SO, 
it evolves reddish brown nitrous fumes, which have a 
characteristic smell ; they are best seen by looking down 
the tube at a white surface. 


244. When cold FeSO, solution is added to the solu- 
tion of a nitrite it becomes brown; the color becomes 
much more intense on the addition of cold dilute 
H,SO,; it is due to a compound of NO with FeSO, 
and is destroyed by boiling the liquid, when red fumes 
are given off (2438). 


245. Drop a little starch powder into some water 
boiling in a porcelain dish, and boil for a short time; then 
cool the starch solution and add to it a few drops of KI 
solution, then some solution of a nitrite and several drops 
of HA: an intense blue color will be produced, owing 
to the combination of iodine, set free by the HNO,, 
with the starch; the test is best made in a white porce- 
lain dish, the liquid, which often appears black at first, 
being diluted, if necessary, until its blue color becomes 
visible. This is a most delicate test if the liquid is 
quite cold; and it_is of value if the color is not pro- 
duced until the HA is added. 


Hydrogen nitrite, or nitrous acid (HNO,), is ex- 


tremely unstable, decomposing rapidly into HNO,, NO 
and H,O. 
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DETECTION OF AciD RADICLES IN Group II. 


246.* The detection of these acid radicles when oc- 
curring singly presents no difficulty; but most of the 
acids which are formed on the addition of HCl to the 
salts of this group react upon one another; thus HCIO 
oxidizes HNO,, H.S and H,SO,; and H,SO, oxidizes 
H,S. The analyst may often, by skillful use of the above 
reactions, detect these acid radicles when they are mixed ; 
but their detection in certain mixtures is a problem only 
soluble by careful consideration and not unfrequently 
insoluble. = 

SO, may be detected by K,Cr,O, paper; H,S by PbA, 
paper; Cl by bleaching moist litmus paper; N,O, by 
its brown color. But CO, can only be detected in the 
presence of much SO, by passing the gases through hot 
K,Cr,O, solution, which absorbs SO,, CO, passing on 
and being detected by lime water. 

It should be noted that while carbonates evolve CO, 
when acted upon by H,T, sulphites are not decomposed 
by that acid. 
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GROUP IIIL—NITRATE GROUP. 


This group includes nitrates and chlorates: these salts 
resemble one another in many respects, more particularly 
in the fact that none of them are perfectly insoluble in 
water ; hence no method of precipitating them is known. 


Nitrates (—’NO,).—Use KNO,,. 


247, Add to some KNO, solution, contained in a 
rather broad test-tube, about an equal bulk of strong 
H,SO,; cool the liquid in a stream of cold water from 
the tap; then pour some strong cold FeSO, solution in 
a gentle stream from a pipette down the inside of the 
tube, which is held in an inclined position: a distinct 
layer of the FeSO, solution may thus be formed on the 
surface of the acid liquid. A dark brown film.or ring, 
which sometimes extends upwards, will then appear 
where the liquids are in contact. 

The color is most easily seen by holding a piece of 
filter paper between the tube and a bright flame or 
window, and looking through the tube at the light. A 
mere yellow color is often produced in the absence of a 
nitrate and may be disregarded. 

The test is made more delicate by letting the tube 
stand in a beaker of cold water for a few minutes, since 
heat prevents or removes the brown coloration. If much 
nitric acid is present, the brown color extends upwards 
on mixing the acid and FeSO, solution until the heat 
evolved by the dilution of the strong H,SO, causes the 
NO to escape and to form brown fumes in the test-tube ; 
the liquid at the same time loses its dark brown color 
(244). 

248. Put a few small scraps of Cu in some KNO, 
solution and add strong H,SO,; brown nitrous fumes 
will appear either at once or on warming the tube: 
they are best seen, if small in quantity, by looking down 
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the tube at a white surface. The liquid at the same time 
becomes blue from the production in it of Cu(NO,),: 


SHNO, + 3Cu = 2NO + 3Cu(NO,), + 4H,0. 


NO is itself a colorless gas, but it yields N,O, and 
N.O, by oxidation when mixed with air, and these are 
reddish brown. 


249. If some cold dilute indigo solution is poured 
into cold KNO, solution until it is decidedly blue and 
then H,SO, is added, the blue color remains unchanged : 


this reaction distinguishes a nitrate from a chlorate. 


250. If any solid nitrate is heated to redness: with 
fusion mixture (Na,CO,+ K,CO,) on-platinum foil for 
several minutes, a soluble alkaline nitrite is formed ; if 
the foil after cooling is boiled in water, a portion of this 
solution may be proved to contain a nitrite by the test 
in paragraph 245; another portion acidified with HNO, 
will be found to give no precipitate with AgNO,. 
Compare 254. 

A nitrate in solution may also be reduced to a nitrite 
by the action of nascent hydrogen. Add dilute H,SO, 
to some KNO, solution; on the addition of freshly- 
made starch solution containing KI no color will be 
produced, but on dropping in a fragment of Zn the 
liquid will assume a deep blue color (245). 


251. Solid KNO, when fused on charcoal in the 
blowpipe flame deflagrates,—that is to say, the surface 
of the charcoal burns away rapidly, like gunpowder. 


2510. Many metallic nitrates, when heated in a glass 
tube closed at one end, evolve reddish brown fumes with 
a characteristic smell (N,O,) and oxygen: PbN,O;= 
N,O,+ 0+ PbO. The N,O, is recognized by its color 
and smell, and the O by inflaming a glowing splinter of 
wood. Lead nitrate may be used in trying this experi- 
ment. 


Hydrogen nitrate, or nitric acid (HNO,), has a strongly 
acid reaction: it gives with FeSO, solution a brown ring 
14 
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(247), and with Cu brown fumes (248) and a blue solu- 


tion. When it is evaporated with quill clippings, it 
stains them bright yellow. 


CHLORATES (—’CIO,).—Use KCIO,. 


252. If cold dilute indigo solution is gradually added 
to a cold solution of KCIO, until the liquid is colored 
faintly but distinctly blue, and some H,SO, is then 
poured in and the mixture is shaken, the blue color of 
the indigo is at once destroyed (249). 


253. Strong H,SO, poured upon a little solid KCIO, 
becomes orange red in color, and evolves when shaken 


a bright yellow gas (Cl,O,) : 
3KCIO, + H,SO,=Cl,0, + KC1O,+ K,SO, + H,0. 


This gas has a smell somewhat resembling that of chlo- 
rine; it explodes readily when gently heated ; hence on 
warming the mixture in the tube crackling sounds or 
small explosions will be produced. 

This experiment may be dangerous, unless very little 
KCIO, is used and the mixture is heated gently with 
the mouth of the test-tube turned away from the person. 


254. AgNO, produces no precipitate with KCIO, 
solution which is free from KCl. But if some solid 
KCIO, be heated in a test-tube, it fuses and gives off 
oxygen with effervescence; this gas may be recognized 
by holding in the tube a slip of wood with a spark at 
its end; the spark is caused to burst into a flame. 

If the tube is then allowed to cool and the residue 
is dissolved by heating it with water, a portion of the 
solution will be found to give no reaction for a nitrite 
(245): but another portion will give on addition of 
AgNO, a white precipitate (AgCl), which does not dis- 
solve in HNO, even on boiling, but dissolves readily in 
Am HO (257): this precipitate is caused by KCl formed 
from the chlorate: KClO,= KCl + O,. 


— 
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A chlorate which does not yield a soluble chloride 
must be mixed with fusion mixture before it is heated. 

This reaction readily distinguishes a chlorate from a 
nitrate. 


255. If KCIO, is heated on charcoal in the blowpipe 
flame, it causes the charcoal to deflagrate. 


Hydrogen chlorate, or chloric acid (H.CIQ,), is a col- 
orless, odorless liquid, which first reddens and then 
bleaches litmus paper; on being kept for some time it 
changes into O, Cl, HClO, and H,0; the same change 
occurs rapidly when it is heated. 


DETECTION OF A NITRATE AND A CHLORATE. 


256.* There is little difficulty in distinguishing a 
nitrate from a chlorate. 

When present together, they more or less interfere 
with one another’s reactions; but in the absence, or after 
the removal, of chlorides and nitrites, they may be de- 
tected by heating the solid substance strongly for a 
short time, and then testing for a nitrite and a chloride 
(250, 254). 
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GROUP IV.—CHLORIDE GROUP. 


Chlorides, bromides and iodides closely resemble one 
another in their reactions; they are all precipitated by 
AgNO, from solutions to which HNO, has been added 
in excess; in this respect they differ from all salts ex- 
cept eyanides, ferrocyanides and ferricyanides, and these 
are easily distinguished by other means. 


CutoripEes (—/Cl).—Use NaCl. 


257. AgNO,, when added to the solution of a chlo- 
ride, gives a pure white precipitate (AgCl), which col- 
lects into curdy masses if the liquid is heated or shaken, 
and rapidly turns violet in sunlight, slowly darkening 
even in diffused daylight. 

Decant the water; warm one portion of the precipi-~ 
tate with HNO,, it will not dissolve; to another portion 
add AmHO, it will readily dissolve; AgCl is also solu- 
ble in KCy and in Na,§,O, solutions. Decant the 
liquid and warm the precipitate with a little strong 
H,SO,, the acid will remain colorless and no colored 
vapor will be given off. 


258. Warm some solid NaCl with strong H,SO,; 
colorless HCl will be given off and may be recognized 
by fuming in the air, by reddening moistened blue lit- 
mus paper, and by making a drop of AgNO; solution 
acidified with HNO, milky (229, 1-4). 


259. Mix together intimately some finely-powdered 
NaCl and MnO,, then add strong H,SO, and warm the 
mixture; chlorine gas will be evolved :— 


2NaC1+ MnO, + 3H,SO,=2C1-+ MnS80, + 2NaHS0,+ 2H,0. 


This gas is recognized by its power of bleaching a piece 
of moistened litmus paper, which is introduced into the 
tube on a glass rod. The most delicate way of making 
this test is to mix the substances in a small beaker, cover 
this with a watch glass which bears on its under sur- 
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face a piece of moist litmus paper, and then warm the 
mixture and let it stand for some time. Moist starch 
is not colored when held in the escaping gas. 


Many samples of commercial MnO, evolve Cl when heated 


_ with H,SO,; hence, unless the MnO, has been specially pre- 


pared by precipitation, it must be carefully tested before it 
is used for this reaction; or the MnO, and H,SO, may be first 
boiled together as long as any bleaching action is produced 
when moist litmus is held in the tube, then the substance to 
be tested is added and Cl is again tested for while the mixture 
is being heated. 

260. If an intimate mixture is made of solid NaCl 
with three or four times as much K,Cr,O, by rubbing 
the two substances together to a fine powder in a mor- 
tar, and this mixture is stirred with strong H,SO, and 
heated in the tube or flask represented on page 138, red- 
dish brown vapor (CrO,Cl,) will be evolved : 


4NaCl + K,Cr,0, + 6H,SO, = 2CrO,Cl, + 4NaHSO, + 
2KHSO, + 3H,0. 


If the vapor escaping from the delivery-tube is 
passed into some water in a test-tube, the water will be-" 
come reddish yellow in color, owing to the formation of 
H,CrO, : 

CrO,Cl, + 2H,O =H,CrO, + 2HCI. 

On adding excess of AmHO to this reddish yellow 
liquid the color changes to pale yellow, since Am,CrO, 
is formed. On now adding excess of HA the original 
reddish yellow color is reproduced, and the presence in 
this liquid of H,CrO,, and therefore indirectly that of 
a chloride, may be shown by the formation of a yellow 
precipitate (PbCrO,) on the addition of PbA, solu- 
tion. 

- The detection of a chloride by this method depends 
on the formation of H,CrO, in the water in the test-tube 
from the vapor of CrO,Cl,: great care must therefore 
be taken that none of the mixture containing a chro- 
mate is allowed to get into the delivery-tube and thence 
into the water. 

- Care must also be taken that the water is not sucked 
back into the hot strong H,SO,: this is prevented by 

; 14* 
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raising the delivery-tube out of the water as soon as the 
heating is stopped. 

Hydrogen chloride, or hydrochloric acid (HCl), is a 
colorless gas which fumes in the air and dissolves very 
readily in water ; both the gas and its solution render 
milky some AgNO, solution which has been acidified 
with HNO,. When it is heated with MnO, the acid 


evolves chlorine gas. 


Bromipes (—’Br).—Use KBr. 
261. AgNO, when added to the solution of a bro- 


mide gives a yellowish white precipitate (AgBr), which 
is easily coagulated by heating or shaking the liquid ; 
it is insoluble in HNO,, easily soluble in KCy and in 
Na,8,O, solutions, and slightly soluble in AmHO; it 
therefore resembles AgCl, but is distinguished from it 
by its color. If the liquid is decanted and the precipi- 
tate is heated with strong H,SO,, no violet vapor will 
be evolved, as is the case with AgI. 


262. Solid KBr when heated with strong H,SO, 
gives off acid fumes (HBr) and reddish brown vapor 
of Br; this vapor somewhat resembles Cl in smell and 
in bleaching power, but differs from it in color. Bro- 
mine vapor also has the power of staining cold moist 
starch orange red: the starch powder may be taken up 
on the wetted end of a glass rod, and moistened by 
breathing upon it several times. If MnO, is mixed 
with the KBr powder before adding H,SO,, the Br is 
evolved in greater quantity and more readily (259). 


263. Chlorine water, or CaCl,O solution acidified 
with HCl, if added carefully, drop by drop, to the solu- 
tion of a bromide, liberates Br, which colors the solution 
orange red; excess of Cl must be carefully avoided, 
since it combines with the Br and destroys its color: 
KBr + Cl = Br+ KCl. 

On warming a part of this solution, reddish brown 
Br vapor is given off, which stains cold moist starch 
orange red (262). 
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If CS, is added to another portion of the solution of 
Br and the liquids are well shaken together, the Br will 
be dissolved away from the water by the CS,, and on 
standing the reddish brown CS, solution will sink be- 
neath the colorless water : on adding a little KHO solu- 
tion and again shaking the liquids up together, the color 
of the Br will disappear from the CS, ; this is due to the 
formation of the colorless salts KBr and KBrO;, which 
remain in solution in the water :— 


6Br+ 6KHO=5KBr+ KBrO,+4 3H,0. 


264. If an intimate mixture of solid KBr and 
K,Cr,O, is heated with strong H,SO, (260), it will evolve 
reddish brown bromine vapor :— 


6KBr+ K,Cr,0, +- 11H,SO,=3Br, + Cr(SO,)3 + 
8K HSO,+ 7H,0. 


If the Br vapor is passed into water it will color it red- 
dish brown ; CS,, if shaken up with this brown solution, 
will dissolve away the Br and settle beneath the color- 
less water as a brown layer; on shaking the brown solu- 
tion in water or in CS, with AmHOor KHO, the color 
of the solution will be destroyed. This reaction serves 
to detect a chloride in the presence of a bromide. 

Hydrogen bromide, or hydrobromic acid (HBr), is a gas 
resembling HCI; its solution differs by evolving Br vapor 
when it is heated with MnO,. 


Iopipes (—’I).— Use KT. 


265. AgNO,, when added to the solution of an iodide, 
gives a yellow precipitate (AgI), which is easily coagu- 
lated by heating or by shaking the liquid : it is insoluble 
in HNO, and very slightly soluble in AmHO, but is 
easily soluble in KCy and in Na,S,O, solutions. 

This precipitate differs from AgCl and AgBr by its 
color and by its slight solubility in AmHO, but more par- 
ticularly by its behavior when heated with strong 
H.SO,. If the liquid is decanted from the precipitate, 
and the precipitate is then heated with strong H,SO,, the 
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acid becomes colored red, and violet vapor of iodine is 
seen on looking down the tube; the color is most dis- 
tinctly seen after the tube has been allowed to cool for a 
short time. Even traces of iodine vapor may be de- 
tected by holding in the tube a glass rod which has been 
dipped into freshly-made starch solution ; the starch will 
be colored blue. 

The starch solution is made by throwing a Jittle starch powder 
into water boiling in a small porcelain dish, boiling for a few 
seconds and then cooling the solution. 

266. Cu,SO,, obtained by mixing CuSO, solution 
with H,SO, or with FeSO, solution, gives in the solution 
of an iodide a white precipitate (Cu,1,) ; gentle warming, 
or partially neutralizing the free acid by AmHO, will 
cause this precipitate to form more quickly :— 


2CuSO, + H,SO,-+ H,O = CuSO, + 2H,SO,. 
2KI +Cu,SO, = Cupl, + K,SO,. 


If this precipitate is separated by decantation or filtra- 

tion, and is then warmed with strong H,SO,, the acid 

becomes red and violet iodine vapor is evolved. 
Solutions of chlorides and bromides are not precipitated 


by Cu,SO,. 


267. Ifa solid iodide is warmed with strong H,SO,, 
acid fumes (HI) and violet iodine vapor will be evolved ; 
if the iodine vapor is large in quantity, it will condense 
on the inside of the tube as a black solid ; this vapor 
colors starch solution blue, as may be proved by holding 
in it a rod or strip of paper moistened with freshly-made 
starch solution, or by pouring the heavy fumes out into 
a white porcelain dish, the inside of which has been 
wetted with the starch solution. Jodine is more readily 
and plentifully evolved if MnO, is mixed with the iodide 
before adding H,SO, (259). 


268. Chlorine water, or CaCl,O solution acidified with 
HCl, added carefully, drop by drop, to the solution of an 
iodide sets iodine free, which dissolves in the water, giving 
a brown liquid ; addition of Cl in excess must be carefully 
avoided, as it would form IC], which is colorless and does 
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not give the following reactions. Divide this brown 
liquid into three parts. 


Heat one part; violet iodine vapor is given off and 
is best seen by looking down the mouth of the tube at a 
white surface. The color is most distinctly seen if some 
strong H,SO, is added to the liquid before heating it. If 
a glass rod is dipped into starch solution and held in the 
vapor, the starch becomes blue. 

To another portion add starch solution; an intense 
blue color is produced, which often appears black unless 
much starch solution is added and the liquid is largely 
diluted ; on warming the solution it becomes colorless, 
but it often regains its color on being cooled. The solu- 
tion must be diluted and the starch added in excess to 
insure the removal of the color by heat. 


To the third portion add a drop of CS, and shake 
well; the CS, dissolves the iodine and gradually forms 
a beautiful violet layer beneath the water. Add a little 
KHO solution and shake the liquids together; the vio- 
let color of the CS, will disappear, owing to the forma- 
tion of the colorless salts KI and KIO, 


269. If a little KNO, is dissolved in the solution 
of an iodide and any dilute acid is added, HNO, is pro- 
duced and liberates the iodine. A solution of N,O, in 
dilute H SO, also sets free iodine from K] (546, 4). The 
iodine thus liberated in solution may be identified by 
the three methods described in 268, of which the 
starch and the CS, tests are the most delicate. 

These two reagents for liberating iodine have the ad- 
vantage over Cl that they do not hinder its detection if 
they are added in excess ; they are also useful because 
they do not liberate Br from its compounds. 


270. HgCtl, solution gives with the solution of an 
iodide a scarlet precipitate (HgI,), which is easily solu- 
ble in excess of HgCl, or of the iodide ; witha solution 
of a bromide or chloride HgCl, gives no precipitate. 


Pb A, gives with thesolution of an iodide a bright yellow 
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precipitate (PbI,) ; with the solution of a bromide or a 
chloride it gives a white precipitate. 


Hydrogen iodide, or hydriodiec acid, (H1), is a gas re- 
sembling HCl and HBr; its solution differs by evolving 
iodine when it is heated with MnO,. 


271. A chloride, bromide, or iodide is easily detected 
by the foregoing tests. The reactions given in para- 
graphs 259 and 260 are, perhaps, the most character- 
istic tests for a chloride, those described in 262, 263 
and 264 for a bromide, whilst an iodide is detected 
with the greatest ease and certainty by reaction 269. 

The color of the precipitate produced by AgNO, in 
the solution made acid with HNO,, and its behavior 
with AmHO, though less trustworthy than the above 
tests, serve to indicate which of these acid radicles is 
present ; AgCl being pure white and very easily soluble 
in AmHO, AgBr being pale yellow and not readily 
soluble in AmHO, whilst AgI is primrose yellow and 
almost insoluble in AmHO. The action of hot, strong 
H,SO, on AgI, which is described in paragraph 265, is 
also distinctive. 


DETECTION OF A CHLORIDE, BROMIDE AND IODIDE. 


272.* The method of examination varies according 
to whether an iodide is present or absent. Since a chlo- 
ride cannot be detected in the presence of an iodide, the 
latter must be separated before proceeding to examine 
for the chloride (273, 1). In paragraph 274 a process 
is given for detecting an iodide and bromide; it is of 
value only when a chloride has not to be tested for. 


273.* Toa small portion of the solution, made just 
acid, if necessary, by the addition of dilute H,SO,, add a 
little cold, freshly-prepared starch solution ; then add, 
drop by drop, strong HNOs, or one of the reagents men- 
tioned in 269; the appearance of a dark blue coloration 
will show the presence of an iodide. 'The remainder of 
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-the solution is examined for a chloride and bromide by 


the directions given under 1 or 2, according as an iodide 
is present or absent. 

1. An iodide is present—Add to the solution a reagent 
consisting of a mixture of CuSQ, solution with half its 
measure of strong H,SO, solution and warm gently for 
a short time, Cu,I, will be precipitated (266). In order 
to be sure that the iodide is entirely precipitated, a small 
quantity of the liquid must be filtered and warmed with 
a little more of the above reagent : ifany further precip- 
itate is caused, the filtered portion is returned to the 
unfiltered liquid, more of the reagent is added to the 
whole, which is then warmed for a time and again tested 
as above to see if the precipitation is complete; these 
trials are repeated until a small portion of the filtrate 
gives no further precipitate when it is warmed with 
more of the reagent. 

The whole is then filtered until it is perfectly clear, 
KHO is added in excess to the filtrate and the liquid is 
boiled. The precipitate thus produced is filtered off and 
the filtrate, now freed from iodide, is tested for bro- 
mide and chloride, as is directed below (2). 

2. Lodide is absent——Make the solution alkaline, if it 
is not already so, by the addition of pure KHO and 
evaporate it to dryness in a porcelain dish; scrape the 
residue off the sides of the dish and mix it with three or 
four times as much powdered K,Cr,O, by rubbing the 
two substances together in the dish with a pestle (260). 
Transfer this mixture into a tube or flask (page 138), 
taking the greatest care to let none of the powder enter 
the delivery-tube. Then pour in sufficient strong H,SO, 
to cover the powder to the depth of about a quarter of an 
inch, at once insert the cork and dip the end of the de- 
livery-tube into water contained in a test-tube. Mix the 
acid and powder by cautious shaking and warm the 
mixture gently, carefully guarding against allowing any 
of the mixture to get into the delivery-tube and thence 
into the water in the test-tube. 

As soon as no more reddish brown vapor is visible in 
the delivery-tube, discontinue the heating and immedi- 
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ately withdraw the test-tube. If no colored vapor has . 
been evolved and the water in the test-tube is colorless, 
chloride and bromide are absent. If the water is colored, 
pour into it sufficient CS, to form a layer at the bottom 
of the tube about as large as a small nut; close the 
mouth of the tube with the thumb and shake vigorously : 
if the CS, on settling shows a brown color, the presence 
of Br, derived from a bromide, is shown. 

Separate the water from the CS, by pouring it through 
a wet filter, add to the filtrate AmHO in excess, then 
HA in excess and PbA, solution. A yellow precipitate 
indicates the presence of a chromate, which proves in- 
directly that a chloride was present (260). 


273a.* The above method will also serve for the ex- 
amination for chloride, bromide and iodide in the precip- 
itate obtained by adding AgNO, in excess to a solution. 
The precipitate is dried, and then fused for about ten 
minutes in a porcelain crucible with three or four times 
its bulk of fusion mixture; the cool mass is boiled with 
H,O for some time and filtered, and the filtrate is ex- 
amined as is directed in 273. 


274,* If only an iodide and a bromide have to be tested 
for, pour sufficient CS, into the solution to form a large 
drop at the bottom ; add, drop by drop, dilute chlorine 
water or acidified CaCl,O solution, shaking thoroughly 
after each addition: iodine will be liberated if an iodide 
is present and will color the CS, purple, but on continu- 
ing the addition of Cl this color will be destroyed ; the 
presence of a bromide may then be detected on the fur- 
ther addition of Cl by a brown coloration of the CS8,, 
which also disappears if too much Cl is added. 
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GROUP V.—PHOSPHATE GROUP, 


Phosphates and arsenates resemble one another 
closely in many of their reactions ; they present points 
of difference, however, which render their distinction 
possible. . 


PuospHAteEs (—’’’PO,).—Use Na,HPO,.12H,0. 


275, MgSO, solution, to which some AmCI has been 
added, and then a little AmHO, gives with the solution 
of a phosphate a white crystalline precipitate 
(MgAmPO,.6H,O): this precipitate is almost insoluble 
in AmHO, but is easily soluble in acids. If very little 
phosphate is present, the precipitate often appears only 
when the liquid has been gently warmed, then well 
stirred or shaken and allowed to stand for some time. 


276. Fe,Cl, solution, if dropped in after the addition 
of a little HA and NaA solution, gives a yellowish 
white precipitate of Fe’’’PO,: the precipitation is has- 
tened by gentle heat. 


277. A drop of phosphate solution when added to a 
solution of AmHMoO, in HNO, gives a yellow pre- 
cipitate : the formation of the precipitate is hastened by 
gently warming and stirring or shaking the liquid, but 
it often appears only after a time; a part of it usually 
adheres firmly to the inside of the tube, and may be re- 
moved by KHO, NaHO, or AmHO solution, in which 
it is readily soluble; it is only slightly soluble in inor- 
ganic acids, and is practically insoluble in HNO,. 


This test if properly performed is most delicate, but careful 
attention must be paid to the following precautions : 

The AmHMo0(, solution must be prepared according to the 
directions given in 552, remark 40. 

The solution to be tested must not be alkaline to test paper; 
it is best made distinctly acid with HNO,; it is then to be 
added in small quantity only to some of the AmHMo(O, solution 
in a test-tube, more being added if no yellow precipitate forms 
after a few minutes when the liquid has been gent/y warmed 
and stirred, 
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This last precaution is extremely important, since an excess of 
phosphate altogether prevents the formation of the precipitate. 

Show that this isthe case by pouring a few drops of 
AmHMoQ, solution into some Na,HPO, solution acidified with 
HNO,; no precipitate will form even on heating and shaking 
the liquid, since the ee he is present in large quantity as 
compared with the AmHMo0O,; but on adding a few drops of 
this liquid to some fresh AmHMo0Q, solution the precipitate 
will appear. 

It must also be remembered that HCl retards or prevents 
the formation of this precipitate; a solution in nitric acid 
should therefore always be used when possible. 

278, AgNO, : yellow precipitate(Ag,PO,) : pour off a 
portion and show that the precipitate is soluble in 
AmHO and in HNO,, 

278a. A very delicate test for the presence of P in the form 
of a phosphate or otherwise, consists in strongly heating the dry, 
solid substance with a small piece of Na ina little tube of hard 
glass closed at one end: on breaking the tube and breathing 
upon the powdered substance a smell of onions (H,P) will be 
perceived. . 

If a phosphate is made into a paste with strong H,SO, and 
heated strongly at the tip of the inner blowpipe flame, it gives 
a bluish green color to the flame. 

Many phosphates, when they are moistened with Co(NO,), 
and heated in the outer blowpipe flame, become blue. 

Hydrogen phosphate, or phosphoric acid (H,PO,), is a 
colorless crystalline substance; its solution is strongly 
acid, but differs from H,SO, by not charring paper 
which has been dipped in it and dried by heat; its 
presence may be confirmed by reactions 275, 277, 


ARSENATES (—’’’AsO,).—Use Na,HAsO,.12H,0 so- 


lution. 


279. The precipitates formed in reactions 275, 276, 
277 with a phosphate are precisely similar in appear- 
ance and general properties to those formed when the 
same reagents are added to an arsenate. The precipi- 
tate, however, which AgNO, gives with an arsenate is 
brown, whilst that given by a phosphate is yellow ; also 
AmHMo0Q, gives a precipitate with an arsenate only on 
boiling the liquid and not by gently heating it, as with a 
phosphate. 


ee a a 


280-282. ] DETECTION OF GROUP V. 159 


280. The following differences serve to detect and sep- 
arate a phosphate and an arsenate : 


1. The fact that an arsenate yields a precipitate with 
AmHMo0O, only when the liquid is boiled, whereas the 
corresponding precipitate with a phosphate is produced 
by a gentle heat. 

2. An arsenate solution which has been boiled with 
strong HCl gives, when H,S is passed into the hot liquid, 
first a white precipitate of S and then yellow As,S,; a 
phosphate solution under the same circumstances gives no 
precipitate. 


3. Ina perfectly neutral solution AgNO, gives with 
an arsenate solution a brown precipitate, and with a phos- 
phate a canary yellow precipitate. 


281. The simplest method of ascertaining which of these 
two acid radicles is present is to throw the precipitate, 
produced on addition of AmCl, AmHO and MgSO,, 
upon a filter, wash it with a little cold water and drop 
AgNO, upon it: if the precipitate consisted of MgAm- 
AsO, it will become brown, if it was MgAmPOQ, it will 
become canary yellow. 

Or the precipitate produced by the addition of AmCl, 
AmHO and MgSO, may be examined for arsenate by 
dissolving a part of it in dilute HNO,, adding AgNO, 
as long as it causes any white precipitate and then very 
dilute AmHO gradually, drop by drop ; if arsenate is 
present a brown precipitate will form just before the 
liquid becomes alkaline to test paper: a phosphate will 
give a yellow precipitate. Instead of mixing the dilute 
AmHO with the acid liquid it may be gently poured in 
upon the top of it, when the color will appear at the sur- 
face of contact. 


DETECTION OF AN ARSENATE AND A PHOSPHATE. 
282.* AmCl, AmHO and MgSO, are added as long as 


any further precipitate is caused: a small portion of the 
precipitate is then filtered off and tested at once for aa 
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arsenate by dropping AgNO, solution upon it. If the 
precipitate turns yellow, a phosphate alone is present. 
If the precipitate turns brown an arsenate is present and 
must be separated from the other part of the precipitate 
before testing for a phosphate. 

The rest of the precipitate is accordingly filtered off 
and dissolved in a little boiling strong HCl; H,S is then 
passed for several minutes into this hot solution, when 
the presence of an arsenate is confirmed by the precipi- 
tation of white S and yellow As,S,: the precipitate is fil- 
tered off and H,S is again passed into the boiling filtrate ; 
if any further precipitate is produced, the gas must be 
further passed until it no longer causes a precipitate ; the 
clear filtrate is then evaporated just to dryness, dissolved. 
in a little dilute HNO, and tested for a phosphate by 
adding a few drops of it to AmHMo0O, solution and 
gently warming the liquid (277). 

An arsenite may be tested for by acidifying the filtrate 
from the Mg precipitate and passing H,S into it: yel- 
low As,.S, will be precipitated at once if an arsenite is 
present. 


283-285. ] BORATES. 161 


VI—UNGROUPED ACID RADICLES. 


The following acid-radicles present no marked resem- 
blances to one another or to other acid radicles in their 
reactions; they are therefore usually detected by special 
tests. 


BoRATES (—’BO,, or—’’’BO;).— Use Na,B,O;.10H,O. 


283. Powder some borax finely and stir it with a 
little dilute HCl on a watch glass; immerse the lower 
half of a strip of turmeric paper in this liquid and dry 
it on a watch glass in the steam-oven or on a water- 
bath, or above a small flame: the part which was moist- 
ened will appear reddish brown, and will become bluish 
black when moistened with AmHO. 


284. Pour methylated spirit upon some finely-pow- 
dered borax in a test-tube or porcelain dish, add a little 
strong H,SO,, then heat the mixture and kindle the 
spirit ; the flame will show a green edge, which is often 
best seen by blowing the flame out after it has burned 
for a time and then relighting it. This flame colora- 
tion is similar to that given by certain other substances ; 
but its spectrum, consisting of three or four equidistant 
green lines, is quite characteristic. 


285. If a mixture of CaF, and KHSO,, with borax 
or boric acid, is finely powdered, moistened, and heated 
on a loop of platinum wire in the inner blowpipe flame, 
it colors the outer flame momentarily green after being 
heated for a short time. This test is not always deci- 
sive, since many phosphates and copper salts give a 
similar result; it.is also liable to be masked by the 
flame colorations of other substances. 


Hydrogen borate, or borie acid (HBO,), is a white, 
porous mass; when combined with 2H,O, it forms a 
crystalline scaly hydrate; these substances, when strongly 
heated, yield a fusible glass consisting of B,O;. The 
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solution of the acid turns litmus paper wine red. Re- 
actions 283, 284, 285 serve to detect boric acid. The 
acid is soluble both in H,O and in alcohol; on eyapo- 
rating these solutions, the acid partially escapes with 
the vapor of the liquid. 


CuroMATEs (—/’CrO,).—Use K,Cr.O,. 


All chromates are more or less yellow or red in color. The 
yellow solution of a normal chromate becomes orange red on 
the addition of an acid, owing to the formation of a dichro- 
mate: while the reddish solution of a dichromate becomes 
pale yellow when made alkaline, owing to its conversion into 
a normal chromate. 

286. Various substances which readily combine with 
oxygen deoxidize acidified K,Cr,O, solution with pro- 
duction of a chromic salt, the color of the solution at 
the same time changing from orange red to bright green. 

Show this by adding HCl or H,SO, to some K,Cr,O, 
solution, and deoxidizing each of five portions by one 
of the following methods: in every case the color of 
the liquid will change to bluish green :— 

a. Pass H,S into the hot solution; white S separates, 

owing to oxidation of the hydrogen. 

6. Add NaHSO, or H,SO, and warm. 

e. Add alcohol and boil: the smell of aldehyde will 

be noticed. 

d. Boil for some time, after adding much strong HCI: 

Cl gas will be slowly evolved. | 

e. Add Zn and warm: the action of the nascent H 

will be slow in this case. 


The following equations show the reactions which 
oceur with H.S and with HCl :— 

K,Cr,O, + 3H,8 + 8HCl = Cr,Cl, + 2KCl+ 7H,O+ §,, 
K,Cr,O, + 14HCl= Cr,Cl, + 2KCl + 7H,O + 38Cl,. 
The equations representing the other processes of de- 

oxidation may be drawn out by the student. 


The green solution resulting from the above reactions 
will give all the reactions for a chromic salt (102-104) ; 
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and since chromic acid is reduced by boiling HCl and 
by H,S to chromic salt, the presence of a chromate will 
lead to the precipitation and detection of Cr,H,O, in the 
ordinary course of analysis. 


286a, Hydrogen peroxide (H,O,), or barium peroxide 
(BaO,), if added to a cold acidified solution of a chro- 
mate, produces an intense blue coloration, which is very 
evanescent: it is far more permanent if ether is first 
added and the liquid is vigorously shaken immediately 
after the addition of the peroxide, when the ether as- 
sumes and retains a blue color; addition of a few drops 
of strong HNO, is useful. This reaction is extremely 
delicate and characteristic. 

287. AgNO;: purple red precipitate (Ag,CrO,): 
soluble in AmHO and in HNO. 

288. PbA,: yellow_precipitate (PbCrO,): soluble in 
KHO, insoluble in HA. 

289, BaCl,:_yellowish white precipitate (BaCrQ,) : 
insoluble in HA, soluble in HCl. 

Hydrogen chromate, or chromic acid (H,CrO,?), is 
present in the reddish yellow liquid produced by dissolv- 
ing CrO, in water and by acidifying a solution of a 
chromate. Its solution evolves Cl and becomes green if 
boiled with HCl; when neutralized by an alkali it be- 
comes yellow and yields the above reactions for a chro- 
mate. 

SiitcaTes (—’’SiO,).—Use Na,SiO; solution, and 

finely-ground sand (SiO,) for a solid. 


290. HCl added drop by drop to a solution of a 
silicate whilst stirring or shaking it, will give a gelati- 
nous precipitate of H,SiO,, unless the solution is very 
dilute; the silicic acid, however, frequently remains in 
solution, hence the non-appearance of a precipitate is no 
proof of the absence of a silicate. 


The solution of silicate used for these reactions is made of 
such a strength that acids do not cause a precipitate in it; but 
by boiling some of it down toa quarter of its volume before 
adding the acid the precipitate is usually obtained. 
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291. If a silicate is present in small quantity, or in 
dilute solution, it may be detected by acidifying the so- 
lution with HCl, then evaporating it to dryness in a 
porcelain dish, and heating the residue to 100° as long 
as acid fumes come off: insoluble SiO, is thus produced, 
and will remain undissolved as a white powder when 
the dry residue is stirred and warmed with strong 
HCl. 


During the last part of the evaporation over a flame, after the 
silica has separated asa gelatinous mass, spurting will occur un- 
less the heat is lessened and the residue is stirred with a glass 
rod: this is best avoided by finishing the evaporation upon a 
water-bath as soon as the liquid thickens. The SiO, which is 
left undissolved by HCl, is seen on stirring the liquid and at 
once pouring it out into a glass vessel; itissolublein hot KHO 
solution. 

292. AmCl, or Am,CO,, causes a gelatinous precipi- 
tate of H,SiO,, which usually forms only after a time. 


293. If solid SiO, or a silicate is fused into a bead of 
Na,CO,, it causes frothing, which is due to the evolution 
of CO, :--Na,CO, + SiO, = CO,+ Na,SiO;. 


294. When SiO, is fused into a bead of NaAmHPO, 
it is not dissolved, but floats about in transparent par- 
ticles ; and it is visible as little opaque masses in the 
cold bead. The particles of SiO, are usually most 
easily visible whilst they are in motion in the fused 
bead. 

Certain silicates, if moistened with Co(NO,), and heated on 
charcoal in the outer blowpipe flame, become blue. 

Hydrogen silicate, or silicic acid (H,SiO,), can exist 
in solution in water, and has a slightly acid reaction : it 
is ordinarily met with, however, as a colorless gelatinous 
substance which does not affect the color of litmus, and 
is insoluble in water, very slightly soluble in acids, but 
dissolves as.an alkalinesilicate in solutions of the alkalis 
or alkaline carbonates. When strongly heated it yields 
a white insoluble powder (SiO,), which gives reactions 
293 and 294. 
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Fiuoripes (—’F),—Use finely-powdered CaF,, 


The ordinary tests for a fluoride depend upon the liberation 
of hydrofluoric acid, which is allowed to act upon a glass surface 
and to etch or corrode it. 

295. If strong H,SO, is warmed with a little finely- 
powdered CaF, in a test-tube it liberates HF ; this acid 
etches the glass and causes the sides of the tube to throw 
off the liquid when it is shaken up, as a greasy surface 
throws off water. 

On washing away the cooled mixture and perfectly 
drying the inside of the tube, it will be found to be 
dimmed and roughened: gentle friction with a glass rod 
will often detect the rough surface even when it is not 
perceptible to the eye. 

The etching, if slight, is best seen when the surface 
is breathed upon, or when the glass is so held as to 
observe its surface by the light it reflects. 


296. The test is much more delicate if it is carried 
out as follows: 

A watch glass is carefully heated by holding it in 
crucible tongs at some distance above a flame; its convex 
surface is then rubbed with a piece of paraffin wax, and 
is thus covered with a melted layer; this layer may be 
made uniform by once more heating the glass, allowing 
any excess of wax to drop off, and keeping the glass 
moving whilst it cools; the coating is finally hardened 
by immersion for a short time in cold water. 

Lines or characters are then traced on the glass to- 
wards its centre by gentle pressure with the point of a 
penknife, the object being simply to remove the wax 
from these parts and not to scratch the glass. 

The glass thus prepared is placed with its coated 
surface downwards as a cover to a platinum crucible or 
small leaden cup, which contains a little finely-powdered 
CaF, and some strong H,SO, After pouring some cold 
water into the glass to keep it cool, the bottom of the 
vessel is heated by a very small flame, and the covered 
vessel is allowed to stand for about fifteen minutes. 
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The watch glass is then removed, and cleansed by 
holding it with crucible tongs above the flame and 
quickly wiping off the melted wax; on the clean, bright 
surface thus obtained the traced lines will usually be 
visible at once on holding the glass up to the light, but 
if mere traces of a fluoride were present, the tracing will 
become visible when the cold surface is breathed upon. 


297. The above methods do not serve for the detec- 
tion of a fluoride in the presence of a silicate or of silica, 
since under these circumstances the aetion of H,SO, 
liberates Sik’, instead of HF. 

Sil’, possesses no power of etching glass, but it pro- 
duces white fumes in moist air, and when it is. passed 
into dilute Am HO it yields a colorless flocculent pre- 
cipitate of H,SiO, and produces AmF in the solution: 
the formation of this precipitate is sufficient proof of the 
presence of a fluoride; but after it has been filtered off 
the AmF may also be detected in the filtrate by adding 
CaCl,, filtering off the precipitate of CaF, and drying 
and examining it by 296. 

The above method is sometimes employed for the 
detection of a fluoride after intimately mixing SiO, with 
the substance to be tested. 

Use for this purpose a mixture of CaF’, and SiO, and 
drop a small piece of marble into the tube in which the 
SiF’, is being evolved, in order to produce CO,, which 
will carry that gas over into the Am HO solution. The 
changes which occur are thus expressed by equations: 


2CaF, + SiO, + 2H,SO, = SiF,+ 2H,O + 2CaSO,. — 
SiF, + 44mHO= H,Si0, + 4AmF, 


298. CaCl, when added to the solution of a fluoride 
gives an almost transparent gelatinous precipitate (CaF,), 
which becomes more visible when the liquid is heated 
or when Am HO is added: itis slightly soluble in HCl, 
but almost insoluble in HA. 

Solution of NaF may be prepared for this reaction by 
fusing a mixture of powdered CaF, and fusion mixture 
on platinum foil for several minutes; then boiling the 
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cool mass on the foil in water, filtering, and acidifying 
the filtrate with HA. 


fTydrogen fluoride, or hydrofluoric acid (HF), is at 
ordinary temperatures a colorless gas which fumes in the 
air, etches a moist glass surface and dissolves easily in 
water. The solution of HF is acid in reaction and dif- 
fers from all other acids by dissolving SiO,. 


FLUOSILICATES (—’’SiF’,).—Use H.SiF,. 


299. BaCl,: white precipitate (BaSiF,), which usu- 
ally appears only on gently warming the solution, and 
differs in this respect from BaSO,: it differs from 
BaSeO, (493, 7) by being only slightly soluble in boiling 
HCl; it is insoluble in alcohol. Allow this precipitate 
to settle and reserve it for reaction 301. 


The above precipitate somewhat resembles BaSO, by being 
rather insolublein HCl, butit differsin appearance by being more 
or less transparent and crystalline: but fluosilicates differ also 
from sulphates by giving no precipitate with Sr(NO,), or with 
Pb(No,),; further, when heated with excess of AmHO they yield 
a flocculent precipitate of H,SiO, and AmF in solution (297); 
fluosilicates differ also from sulphates by the following very dis- 
tinctive reactions: 


300. KC! solution when warmed with the solution of 
a fluosilicate gives a very transparent gelatinous precipi- 
tate (K,SiF,), which is only visible after it has been al- 
lowed to settle for a time; it is insoluble in alcohol. 


301. If strong H,SO, is added to H,SiF, solution or 
to a fluosilicate, and the mixture is heated, HF is given 
off and may be detected by its etching action on glass 

296). 

This reaction is especially useful for ascertaining 
whether a precipitate produced by BaCl, consists of or 
contains BaSiF;. For this purpose the precipitate from 
299 is allowed to settle; almost all the water is then 
poured off, the remainder is shaken up with the precipi- 
tate and at once poured into a watch glass; the rest of 
the water is then decanted, and the precipitate which 
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remains on the glass is warmed for some time with strong 
H,SO,; on washing and drying the glass, it will be 
found to be corroded (295). 

When the more delicate process (296) is employed, 
the precipitate should be shaken up with the liquid and 
poured off into a platinum crucible or leaden cup; the 
liquid is then decanted, and the precipitate is warmed 
with strong H,SQ,, as is described in 296. 

The processes of filtering off and drying the precipi- 
tate may be substituted for decantation, but they are 
less rapidly executed. 


Hydrogen fluosilicate, or hydrofluosilicie acid (H,SiF 5), 
is astrongly acid liquid, which volatilizes entirely as 
2HF + Sik’, when it is heated in a platinum vessel: if 
this acid is evaporated in a watch glass, the glass is 
etched : it is precipitated by KCl and by BaCl, (299, 300). 
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REACTIONS OF ORGANIC ACID RADICLES. 


The following acid radicles, although usually classed 
amongst organic compounds, are included here because 
they are of frequent occurrence and their detection is 
usually a matter of little difficulty. 


VII—CYANIDE GROUP. 


The simple and complex cyanides contain a group of 
elements (CN) known as cyanogen. They yield precip- 
itates with AgNO,, and evolve HCN when they are 
heated with dilute H,SO, Many of their salts also 
evolve NH; when they are heated in the solid state. 


Cy AnIvEs (—’Cy).—Use KCy solution. 


The alkaline cyanides smell faintly of bitter almonds, owing 
to the escape of HCy. 


303, AgNO,: white precipitate (AgCy), most easily 
obtained by pouring a drop of the KCy solution into the 
AgNO, solution: show with three separate portions that 
this precipitate is soluble in KCy solution added in ex- 
cess and in AmHO, but insoiuble in dilute HNO,. 


If some of this precipitate is filtered off and well washed with - 
hot water until HCl causes no milkiness with the last few drops 
of the washing water, then dried, scraped from the filter into a 
porcelain crucible and heated strongly, Ag is left: if this resi- 
due when cool is warmed with a little dilute HNO,, it dissolves, 
giving off red fumes, and a drop of HCl added to this solution 
gives'a curdy precipitate of AgCl. 

This reaction distinguishes AgCy from AgCl, AgBr and Agl, 
which, like it, are precipitated by AgNO, and are insoluble in 
HNO,, since these, when dried and strongly heated, fuse with- 
out undergoing decomposition; hence HNO, cannot dissolve 
out Ag, and HCl added to the HNO, gives either no precipitate 
or a mere milkiness, due to the imperfect washing of the pre- 
cipitate. 

This method is somewhat tedious and need seldom be used, 
cyanides being readily detected by the following reactions: 
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304. If some FeSO, solution is mixed with several 
drops of Fe,Cl, and added to a solution of a cyanide, and 
the liquid is then made strongly alkaline with KHO and 
boiled, then cooled and acidified with HCl, Prussian blue 
(Fe’’’,Cfy,) is formed; this will appear as a deep blue 
precipitate, or if the quantity of cyanide present was 
small, it may remain dissolved, giving a bluish green so- 
lution. 

If no cyanide had been present, the addition of HCl 
would have produced an almost colorless and perfectly 
clear liquid. 


305. If dilute H,SO, is added to a cyanide contained 
in a test-tube fitted as is shown on page 138, and then a 
small piece of marble is dropped in and the liquid is 
boiled, HCy will be carried over by the CO, gas: if the 
gas is allowed to bubble through some Am,S solution, 
AmCyS will therefore be formed. 

This substance gives with Fe,Cl, a blood red coloration 
(315), which may be obtained by boiling the Am,S solu- 
tion in a porcelain dish and acidifying it when cool with 
HCl; on adding several drops of Fe,Cl, the red color is 
well seen against the interior of the white dish; this 
proves that HCy has passed into the Am,S, and there- 
fore detects the presence of a cyanide. 


A little of this red liquid should be added to some HgCl, so- 
lution; if the red color is destroyed, it was certainly due to the 
presence of a sulphocyanide. 

On adding HCl to the Am,S in the above reaction, white S 
will separate, unless the yellow liquid has been previously 
boiled in a porcelain dish until it becomes colorless, filling in 
distilled water as it evaporates; but this separation of S is ad- 
vantageous, since its whiteness helps to show up even a faint 
reddish tint in the liquid. 

The marble is added to cause evolution of CO, gas, and thus 
lessen the risk of the Am,S being sucked back during the reac- 
tion. 


306. The preceding test can often be more simply per- 
formed by boiling the solution of the cyanide in a porce- 
Jain dish with Am,S, which must be added until the yellow 
color remains after the liquid has been boiled for a short 
time: if a dark-colored precipitate forms, this must be 
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allowed to settle or be filtered off before the color of the 
filtrate can be seen. The liquid is then filtered, if neces- 
sary, and acidified with HCl in the porcelain dish; on 
adding Fe,Cl, in small quantity a blood red color will 
be produced, which is not removed by heat or by the 
addition of a little dilute HCl; it is at once destroyed, 
however, when a few drops of the liquid are added to 
some HgCl, solution. 

Methods 304, 305, 306 are exceedingly delicate tests for a 
cyanide: 305 and 306, if less readily performed than 304, 
exceed itin delicacy. Method 306 is the more easy of the 
two to perform, and 305 is only used in cases where, after 
boiling with excess of Am,§, the filtrate is dark-colored and 
therefore the red coloration would be invisible. 

fg Cy, does not show the reactions for a cyanide by methods 
803, 304, 305; but by boiling with Am,S, according to method 
306, AmCyS is obtained in the filtrate from the black HgS 
precipitate, and will give the red coloration with Fe,Cl,. Solid 
HgCy, when heated in a small tube closed at oneend also gives 
= cyanogen gas, which burns with a peach-blossom colored 

ame. 

Hydrogen cyanide, or hydroeyanie or Prussic acid 
(HCy), is a colorless, volatile, inflammable liquid, which 
smells like bitter almonds: it is highly poisonous when 
it is inhaled as vapor or swallowed as liquid: it readily 
mixes with water. The acid is easily detected by the 
tests already given for a cyanide. . 


FERROCYANIDES (—’”’ FeCy,).—Use K,FeCy,.3H,O. 


307, Fe,Cl,: dark blue precipitate of Prussian blue 
( Fe,Cfy;)*: insoluble in HCl, soluble in H,C,O, to a 
dark blue liquid, and changed by KHO into brown 
Fe,H,O,. “ 

The solubility in H,O and insolubility in HCl are 
shown by pouring off portions, heating them with HCl 
and H,O respectively, filtering and noting that the fil- 
trate is blue. : Ast 

308, FeSO,: light blue precipitate (Fe’’K,Cfy), 
which becomes darker in color by oxidation on exposure 
to the air, or on addition of Cl- or Br-water, or when 
warmed with HNO,: it is insoluble in HCl. 


* See abbreviations on page 75. 
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309, CuS'0,: a chocolate colored precipitate (Cu’’,Cfy), 
insoluble in HA. 

310. AgNO;: white precipitate (Ag,Cfy), insoluble 
in HNO; and wn AmHO: when heated with HNO, 


this precipitate changes to orange red Ag,Cfy., which is 
soluble in AmHO. 


FERRICYANIDES [—"\( FeQy,),].—Use K,(FeCy,). 


S11, He,Ci,: dark green or brown coloration; no 
precipitate is formed, as may be seen by adding much 
water to the liquid. 

312, FeSO,: dark blue precipitate of Turnbull’s blue 
(Fe’’,Cfy,): insoluble in acids: blue color destroyed by 
KHO. 


313, CwSO,: yellowish precipitate. 

314, AgNO;: orange colored pregipitate (Ag,Cfy,), 
insoluble in HNOs, soluble in AmHO. Frequently a 
white residue of Ag,Cfy is left on adding AmHO, 
showing that K,Cfy was present in the K,Cfy, solution. 


SULPHOCYANIDEs (—/CyS).—Use KCyS solution. 


315, /e,Cl,: blood red coloration, but no precipitate : 
the color is weakened but not destroyed by HCl, but 
disappears when the liquid is dropped into HgCl, 
solution. ; 


316. Ferro- and ferri-cyanides can be found and distinguished 
by their first three tests, or by the precipitate given by AgNO, 
in the solution acidified with HNO,; this precipitate will have 
a more or less decided orange red color if a ferricyanide is 
present; on filtering or decanting, and warming the precipitate 
with AmHO, white Ag,Cfy will be leftif a ferrocyanide was 
present, and on acidifying the filtrate with HNO, orange red 
Ag,Cfy, will be reprecipitated. 
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VIIT.—OXALATE GROUP. 


The acids and salts containing the three following 
acid radicles differ from the foregoing by being charred 
and emitting a smell of burning when heated in the 
solid state; with oxalates, however, these effects are 
scarcely perceptible. : 

If the salt contains K, Na, Ba, Sr or Ba, the residue 
left after ignition will contain a carbonate which will 
effervesce with an acid, whereas the original unignited 
substance would not do so. 


Oxaates (—C,0,).—Use Am,C,0,.2H,0. 


317. Strong H,SO, heated with a solid oxalate causes 
an effervescence due to the evolution of a mixture of 


CO and CO, : 
Am,C,0,+ 3H,SO,= CO + CO,+ 2AmHSO,+ H,S0,.H,0. 


The CO is detected by burning with a blue flame when 
a light is applied, and the CO, by rendering a drop of 
lime water on a glass rod milky. 

No blackening or charring is produced by strong 
H,SO,; oxalates differ in this respect from other organic 
acids and their salts. 


318. CaCl, or CaSO, solution, or lime water, added 
to the solution of an oxalate, gives a white precipitate 
(Ca,C,O,), which is insoluble in AmHO and in HA, 
but soluble in HCl and in HNO. 


318. Filter off this precipitate and pour upon part 
of it on a watch glass dilute HCl, it will not effervesce ; 
dry the remainder, and heat it to full redness on plati- 
num foil, it is thus converted without blackening into 
CaCO, which effervesces with dilute HCl. 

This is a general test for oxalate of K, Na, Ba, Sr or Ca, 


since each of these, when it is ignited, leaves a carbonate, 
which effervesces with an acid. 


16* 
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SE 


319, An oxalate in the solid state, or in strong so- 
lution, when heated with MnO, and H,SO, evolves CO,: 
Am,C,0,+ MnO,+ 3H,SO, = 2CO, + MnSO,+ 
2AmHSO,-+ 2H,0. 

Since commercial MnO, usually contains some carbonate, it 
will give off CO, when treated with H,SO,. If the MnO, is not 
known to be free from carbonate, it is best to add a little H,SO, 
to some of the MnO, in a test-tube, and heat to boiling ; if CO, 
is found in the tube by a glass rod with a drop of lime water on 
its end, continue to boil, occasionally sucking fresh air into the 
test-tube through a glass tube pushed down near to the surface 
of the liquid; as soon as no CO, can be detected in the tube 
after boiling for ashort time, the liquid being still distinctly 
acid, the Am,C,O, is added and the mixture again heated; CO, 
will be rapidly given off and may be detected by the ordinary 
methods. 


Hydrogen oxalate, or owalic acid (H,C,O,.2H,0), 
when heated in a glass tube closed at one end, partly sub- 
limes unaltered, and is partly decomposed, evolving vapor 
which causes coughing; it yields reactions 317 and 
318. The crystals dissolve readily in water to an acid 
poisonous liquid. 


TARTRATES (—’’C,H,O,).—For a neutral tartrate use 
KNaT, for an acid tartrate H,T or NaHT. 


320. A solid tartrate when heated strongly in a tube 
chars, giving off a smell of burnt sugar. 

$21. A solid tartrate when heated with strong H,SO, 
rapidly blackens, giving off a mixture of CO, CO, and 
SO 


Qe 

322. AgNO, produces in solution of a neutral tar- 
trate a white, curdy precipitate (Ag,T), soluble in AmHO 
and in HNO; Allow some of this precipitate to settle 
in a test-tube, and pour off as much of the clear liquid 
as possible; then pour very dilute AmHO, drop by 
drop, into the tube, until the precipitate, after being 
shaken up with the liquid, is nearly, but not quite, dis- 
solved; then dip the test-tube into cold water in a 
beaker, which is slowly heated to about 60° ; a brilliant 
mirror-like film of Ag will be deposited upon the interior 
of the tube. 
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If the liquid is quickly boiled, the Ag deposits as a 
dull black precipitate, which does not adhere to the 
glass and is not characteristic. 


323. CaCl, precipitates from the solution of a neutral 
tartrate white or crystalline CaT, which often separates 
only after shaking the liquid well and letting it stand 
for a time; it is soluble in acids, and its formation is 
retarded by the presence of AmCl and other Am salts. 
This precipitate when freshly formed is completely solu- 
ble in strong cold KHO solution, if_this is free from 
K,CO, : on boiling the solution the CaT is reprecipitated, 
but it dissolves again more or less completely when the 
liquid is cold. 

Decant the clear liquid and pour upon the precipitate 
a little very dilute AmHO; then drop in asmall crystal 
of AgNO, and warm carefully, as in 322. A silver 
mirror will form on the part of the glass on which the 
AgNO; crystal rests. 


324, KCI or, better, KA, if added to the solution of 
an acid tartrate, gives a white crystalline precipitate 
(KHT), which forms slowly unless the liquid is vigor- 
ously stirred or shaken. If HA is added at the same time, 
the precipitate may also be obtained with neutral tar- 
trates. The precipitate is soluble in alkalis and in mineral 
acids, but is almost insoluble in alcohol; hence alcohol 
is often added to hasten the precipitation. 


325. Ifa few drops of Fe,Cl, solution are added to 
the solution of a tartrate, which is then made strongly 
alkaline by addition of KHO or AmHO, no precipitate 
will appear. 

The precipitation by alkalis of several other metals, 
such as Al, Mn, Cu, issimilarly prevented by the pres- 
ence of a tartrate: this is owing to the formation of a 
double tartrate, which is not decomposed by the alkali. 


Hydrogen tartrate, or tartaric acid (HT), occurs in 
colorless crystals which do not alter in the air: they taste 
pleasantly acid, and are soluble in water and in alcohol ; 
they are detected by heating them alone or with strong 
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H,SO, (320, 321): if dissolved and neutralized, they also 
yield the reactions in 322, 323. 


Acrtatrs (—’/C,H,0,.)—Use NaA.3H,0. 


326. A solid acetate if strongly heated blackens and 
evolves the vapor of acetone, which possesses a peculiar 
smell and burns with a bright flame when kindled. 


327, An acetate, when heated with strong H,SO,, 
evolves vapor of HA, which in large quantity is very 
pungent, but in smaller quantity smells like vinegar. If 
the acetate is first mixed with alcohol, then with strong 
H,SO,, and the mixture is warmed, a fragrant smell of 
ethyl acetate (EtA) isemitted ; this vapor is most strongly 
smelt when the liquid is shaken after it has cooled for a 
short time. 


328, Fe,Cl, added in small quantity to the solution 
of an acetate causes a deep red coloration: if this red 
solution is made neutral but not alkaline with AmHO 
and then boiled, all the Fe is precipitated from it as light 
brown basic acetate and the liquid becomes colorless. 
The red color of the solution before being boiled is _ 
changed to yellow by the addition of a few drops of dilute 
HCl; and is in this way distinguished from the colora- 
tion due to sulphocyanide (315.) 


Hydrogen acetate, or acetic acid (HA), is known as 
glacial acetic acid ; at temperatures below 17° C. it is 
a colorless crystalline substance, which readily melts and 
emits when heated a very pungent and inflammable 
vapor: it is strongly acid, and is completely volatile 
without decomposition. Acetic acid dissolves in water 
readily, imparting its peculiar smell to the liquid in a 
degree depending upon its dilution. 


The reactions for certain other organic acid radicles are 
given at the end of the Sixth Section of this book. 


SECTION V. 


ANALYSIS OF SIMPLE SUBSTANCES, CONTAIN- 
ING ONE METAL AND ONE ACID RADICLE. 


This section may be neglected by a student who is learning 
the full analytical course. 

Two metals may occasionally be present, as when an alum 
or tartar-emetic [K(SbO)T] is given for analysis; also there 
may be two acid radicles in the liquids given for analysis, since 
a salt which is insoluble in water is occasionally dissolved in 
an acid: but the student should always be informed of this if 
it in any way complicates the analysis. It will not usually do 
so, since in the most commonly occurring case, that of a phos- 
phate dissolved in HCl, the PO, is detected in Group HI., and 
accordingly no other acid radicle is looked for. 
genes of substances for analysis are given in paragraph 

The numbers in brackets refer to the paragraphs in the text, 
in which tests or processes to be employed a the student are 
fully described. 


IntTROoDUCTORY REMARKS. 


330. Before proceeding to detect the metal or acid 
radicle in the solution of a simple substance by syste- 
matic analysis, it is best to make a few preliminary 
experiments (333-338), which will generally give some 
idea as to what substance is present, and will occasion- 
ally detect with certainty the metal or acid radicle, or 
both of them. 

Even if the composition of the substance has been 
proved by this preliminary examination, it is usually 
best to proceed to the next process, which consists in 
endeavoring to dissolve the substance in water or acids, 
(332), if it is not already in the liquid form: the addi- 
tion to this solution of group reagents in appropriate 
succession will then determine the analytical group to 
which the metal present belongs (339). 
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Table showing the Analytical 


Metals whose chlorides 
are insoluble in water 
and dilute acids, and 
which are therefore 
precipitated from their 
solutions by  hydro- 
chloric acid. 


Metals whose sulphides are insoluble in 
dilute acids, and which are therefure 


Note.—It will be 
observed that there 
are two divisions of 
Groups II. and ITI. 
In analysis it is usual 


precipitated from acid solutions by | 

to ‘soparate ‘the: Gwo |) = a eee | 
1 

: 


sulphuretted hydrogen. 


divisions of Group IT. 
from one another, Group I. Gaour 1 

after having sepa- Hydrochloric Acid, or 

rated the whole group Silver Group. Sulphuretted Hydrogen Group. 
from the remaining 
groups; the two divi- aE Deen re ee eee al) See ee 
sions of Group IIT. 


F Group IT.a. Group II.z. i 
a eee Eien eee Copper Group. Arsenic Group, 
Be eran wae Sulphides insoluble | Sulphides soluble | 
ee nag aan: in NaHO and in in NaHOandin 
arated; they are, re Ace 
however, often #2 ig 2h 2d. 
cipiteted separately, |! road Pb Mercuricam Hg” | Tin Sn 
ees il Be we Ae | (ooh 7. o. Sth Ameen ae 
oe Mercurosum - Hg’ | Bismuth. Bi Antimony Sb 

Copper + Os 


Cadmium . Cd 
2. 3. 


In the preceding table the metals are classified in 
their analytical groups, each group being headed by its 
distinctive number and name, and by the name of the 
group reagent which serves to precipitate its members 
and to separate them from those of the succeeding 
groups. 

After discovering to which of the above analytical 
groups the metal present belongs, it is identified by the 
properties or appearance of the group precipitate ; then 
its presence is confirmed, if necessary, by special tests 
made on the precipitate or on another portion of the 
original solution* (344-348). 

The acid radicle, if it has not been already detected 
during the examination for the metal, is tested for in a 
less systematic manner. A few preliminary experi- 
ments are first performed (335-338) ; and if these do 
not detect the acid radicle, it is found partly by a sys- 
tematic examination, which includes that described 
above for the detection of the metal, but more com- 
monly by special tests (849-356). 

* By the original solution is meant the solution of the substance, 


or the substance itself, if a liquid is under analysis, to which no re- 
agent has been added. 
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Classification of the Metals. 


Metals which are precipitated as hydrates | Metals whose carbo- | Metals whose solutions 


from their solutions containing ammo- nates are precipitated are not precipitated 
nium chloride when made alkaline with by addition of ammo- by any of the fore- 
ammonia, or as sulphides or hydrates nium carbonate in going group-reagents 
when ammonium sulphide or sulphu- the presence of am- in the presence of 
retted hydrogen is subsequently added. monium chloride. ammonium chloride. 
Group IIT, Group IY. Group V. 
Ammonia and Ammonium Ammonium Carbonate Potassium Group. 
Sulphide Group. or Bariwn Group. 


— OOM 
Group III.a. Grove IIIs. 
Ammonia or Iron Ammonium = Sul- 
Group. phide or Zinc 
Group. 


Aluminium . Al] Zine .. - Zn | Barium . . Ba | Ammonium . NU, 

ron 2: . Fe | Manganese . Mn | Strontium ‘ Sr | Potassium re 

Chromium . Cr | Nickel . . Ni | Calcium . a Ca | Sodium . - Na 
Cobalt . a2 Os Magnesium . Mg 


te 


A substance which is, insoluble in water and in acid 
: is examined according to the special directions in 3867— 


370. 

Since in these analyses only one metal and one acid 
radicle are to be looked for, the examination for the 
metal is carried no further when one metal has been 
detected with certainty, and the examination for the 
acid radicle is similarly at an end when the presence of 
one such radicle has been satisfactorily proved. It must, 
however, be understood that substances given for analy- 
sis are liable to contain impurities, which will yield only 
slight indications ; if in the course of analysis, therefore, 
only a slight result is obtained, proceed until some sub- 
stance is detected in larger quantity, entering against the 
slight result, Trace of ¢ 

The separation and washing of a precipitate by decan- 
tation (30, 31) is recommended whenever it is possible. 

In making the analysis, each result must be fully 
entered in the note-book as soon as the eaperiment has 
been performed, the form of entry being the same as that 
adopted for the directions in the text. 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 


The substance given for analysis may be either a solid 
ora liquid. If it is a solid, examine it by 331 et seq., 
omitting 334; if a liquid is to be analyzed, begin at 334. 


THE SUBSTANCE IS A SOLID. 


331. Make a careful examination of the properties of 
the substance. 


Note its color. The following are some of the most 
commonly occurring colored substances : 


Blue: hydrated cupric salts, anhydrous cobalt salts. 

Yellow: normal chromates. 

Brownish yellow: ferric salts, PbO. 

Orange red: certain dichromates. 

Red: HgO, HglI,, HgS, Pb,O,. 

Green: Cr,O;, CuCl,, salts of Niand Cr. Pale green: ferrous 
salt. 

Pink: hydrated cobalt salts. Pale pink: manganous salts. 

Dark brown: PbO). 

Black: Sb,8,, CuO, MnO,, FeS. 

White: anhydrous salts of Cu and Fe’’, and many other 
powdered substances. 


Also try its smell, and observe whether it is in pow- 
der, crystals or non-crystalline pieces; carefully write 
down any appearance or property which may strike you 
on examining the substance with the naked eye or with 
the assistance of a lens. 

After noting down the results of this examination 
the substance is to be powdered as finely as possible. 

If the substance possesses metallic lustre or appear- 
ance, work as is directed under 366: if it is not metallic 
in appearance, proceed to ascertain its solubility by the 
directions contained in 332, and, according to the result 
thus obtained, conduct the further analysis of the sub- 
stance by 333 or by 367. 


SOLUBILITY OF A SIMPLE SOLID. 


181 


SoLUBILITY OF THE SUBSTANCE. 


332. Since the method of examination of a solid 
substance depends upon whether it is soluble or insolu- 
ble in water or acids, the following experiments are 


tried. 


Place a small quantity of the finely-powdered sub- 
stance in a broad test-tube or boiling-tube ; fill the tube 


about one-third with water, and heat to boiling : 


1. The substance 
dissolves. 


After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338a) 
proceed to ex- 
amine the color 
and reaction of 
the liquid to 
litmus by 334, 
I, IL. and re- 
fer to 339 for 
directions for 
analysis. 


The substance does not dissolve: heat a fresh portion with dilute HCl to 
boiling ; if it does not dissolve, decant and boil the residue with strong 


HC! :— 


2. The substance 
dissolves. 


Absence of Group 
I., except pos- 
sibly Pb. 


After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and %335-338a) 
note the color 
of the HCl solu- 
tion (334, L), 
and proceed to 
examine it for 
the metal by 
339. 


The substance does not dissolve: put aside the test-tube 
containing the substance with HCl, and stir a fresh 
portion of the substance with a little dilute HNOs; 


if it is not dissolved, boil. 


If dilute HNO; does not 


dissolve it, heat with a little strong HNO; :— 


3. The substance | The substance does not dissolve: mix 
together the contents of the two 
tubes in which the substance was 
heated with HCl and with HNO, 
and heat the mixture :— 


dissolves. 


After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338) 
note the color 
of the solution 
in HNO; (334, 
I.) and examine 
it for the metal 
by 339. 


Note.—Before test- 
ing for Group 
IL, add strong 
HCl and _ boil 
down consider- 
ably.* 


4. The 
dissolves. 


substance | 5. The substance 


does not dissolve. 


After examining | Examine a fresh 


a portion of the 
solid substance 
by the prelimi- 
nary tests (333 
and 335-338a) 
examine the so- 
lution in HNO; 
and HCl mixed 
for the metal 
by 339. See 
Note, column 3. 


portion of the 
substance by 
367 et seq.. 


* This method of proceeding removes HNO;, which would cause with HS a deposit of 8. 
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PRELIMINARY EXAMINATION OF A SOLUBLE SOLID. 


333; The Table is thus arranged: in the first col- 
umn. is placed the experiment to be made ; in the second 
a list of the results, any one or more of which may be 
observed ; and in the third the inferences to be drawn 
from the results. Confirmatory or supplementary ex- 
periments are occasionally entered ; they are, however, 
only to be tried when the result preceding them in the 
second column has been noticed. 

A more complete preliminary examination will be 
found in 387-405. 


Experiment. Observation. Inference. 


I. Heat a portion of | I. The substance does not change . . | Absence of volatile, 
the substance in an fusible and organic 
ignition tube, or in substances, and of 
a small dry _ test- water. 
tube, first gently 
and at last to red- 


ness. II. The substance changes :— 


1. Drops of water condense in the top of the | Presence of H,0. 

tube. ‘ 

2. The substance fuses easily : js . | Probable presence of 
a salt of Na or K, or 
of Ba, Sr, Ca, Mg. 

3. The substance sublimes  . 4 - | Presence of a salt of 

NH, As, or Hg: 
possibly also of 
HC204, of § (yel- 
low), and of I (pur- 
ple vapor). 

Confirmatory. — Boil A smell of NHzg is evolved and white fumes | Presence of NH,._ 
another portion of appear when a rod moistened with Confirm by NaHT 
the substance with strong HCl is held to the mouth of the (53), and proceed 
KHO solution. tube. to 335. 

Conjirmatory. — Mix A grey sublimate of minute metallic glob- | Presence of Hg. Pour 
another portion of ules, best seen by a lens. AmHO upon the 
the substance with original substance ; 
about three times if it blackens, Hg’ 
as much powdered is present as a mer- 
Na.CO3 and KCy ; curous compound. 
dry and heat in an A black mirror-like sublimate  . . . | Presence of As. 
ignition tube. 


4. The substance blackens, and gives off CO, | Presence of an_ or- 
which makes a drop of lime water on a ganic acid radicle, 
glass rod milky. probably A, O or T: 

the last is known 
by a smell of burnt 
sugar. 
The cool residue in the tube effervesces |The organic acid 
with HCl, whereas the original substance radicle is united 
did not. with K, Na, Ba, 
; Sr, Ca, or Mg. 
(Continued on next page). 


Mia ab ete Roane ane, 


es 


inva Dip into the pow- 
dered substance a 
moistened loop of 
platinum wire, and 
hold the loop in 
the Bunsen flame ; 
- moisten with strong 
HCl, and again hold 
in the flame. 


* 
44 


s continued. 


OF A SIMPLE SOLUBLE SOLID. 


Observation. 


183 


Inference. 


5. Gas or vapor is given off: smell the va- 
por :— 


Red nitrous fumes, recognized by their 
smell. 

802, known by its smell and by turning 
KCr20, solution green. 


Cl, Br, I, known by smell and color: Br 
and I by action on starch paste, and Cl by 
bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts into flame. 


The gas can be lighted and burns at the 
mouth of the tube ; note the color of the 
flame :— 

Pale greenish yellow: the gas burns explo- 
sively, and nitrous fumes are seen. 


Bright white, the unburnt gas smells of 
garlic. 


Peach-blossom colored flame, grey sublimate 
of Hg. 


6. The substance changes color :— 


Yellow, hot, White, cold. 
Yellow brown, ‘‘ Yellow, < 
D a i } Hs Red-brown, a 


I. The flame is not colored . = - 


II. The flame is colored :— 


Intense yellow* . . : 


Pale lilac,* appearing crimson sid tila <9 
the indigo prism . 


Appearing green through the 
indigo prism . 


Red Appearing intense red through 
the indigo prism . ‘ 
Yellowish green . 
Grea Bright green, with blue centre’ 
after moistening with HCl. 
Bright green : 
Blue Pale blue, livid . . ‘ ° 


Vivid blue . F ‘ * 


From nitrate of a 
heavy metal. 

From conbustion of 
free S or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or theiosulphate. 

From certain  chlo- 
rides, bromides, or 
iodides, also free I. 

O from chlorate or ni- 
trate, or N.O from 


decomposition of 
NH,NO3. 

Presence of NHg, from 
strongly heated 
NH,NO3. 

Presence of PHg, prob- 
ably from a hypo- 
phosphite. 


Presence of Cy, from 
GgCyo. 


ZnO 
PbO, SnOg or Bi,O3 


Fe,03 


Probable absence of 
the substances enu- 
merated below. 


Presence of Na. 


‘a K. 

re Ca. 

ad Sr. 

F Ba. 

a Cu. 

” Be03. 

Presence of As, Sb, Pb. 

- CuCl. 


_ *Tf the coloration for Na or K is intense, no further examination for the metal is necessary, 
but the presence of K should be confirmed by stirring with NaHT(48). 
es is slight, a trace only of the metal is present, and the examination for another metal 


Proceed to 335. If the 
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Experiment, 


III. Heat a portion of 
the substance, in a 
cavity scooped on 
charcoal, in the 
blowpipe flame. 

Confirmatory.—Detach 
a small portion of 
the white mass, place 
it on red litmus pa- 
per and moisten it 
with a drop of 
water, 

Confirmatory.—If the 
moist residue is not 
alkaline to test pa- 
per, moisten the re- 
mainder on the char- 
coal with Co(NOs)s 
solution and _ heat 
again strongly in the 
blowpipe flame. 


IV. Fuse a_ small 
quantity* of the 
substance into a 
clear, colorless bo- 
rax bead first in the 
inner then in the 
outer flame, noting 
in both cases the 
color of the bead 
whilst hot and when 
cold, 


Confirmatory. — The 
presence of Cr or Mn 
may be confirmed by 
fusing a portion of 
the substance on 
platinum foil or wire 
with Na,COg and 
KNO3. 


* It is necessary to adjust carefully the quantity of substance fused into the bead; if too 
much is used, the bead will often appear opaque ; if too little is employed, one of the metals 
may escape detection. It is best at first to fuse only a minute quantity into the bead, adding 


PRELIMINARY EXAMINATION 


Observation. 


1. The charcoal ‘‘deflagrates,’’ or burns rap- 
idly. 

2. A white mass is left on the charcoal which 
does not fuse, and shines brightly when 
strongly heated. 

The red paper becomes blue in a short time 

where the substance rests. 


A blue residue . 


A pink residue . 
A green residue 


3. The residue is not white and does not con- 
sist of globules of metal, neither is there 
any incrustation formed upon the charcoal ; 
proceed to Exp. IV. 

4. The residue contains metallic globules or 
an incrustation forms on the charcoal ; pro- 
ceed to Exp. V., omitting Exp. IV. 


I, The bead is colorless when heated in 
flames both. 


II. The bead is colored :— 


In outer flame. 
Green, hot; blue, cold. 
Blue, hot and cold. 
Brown or dingy 

purple, hot; light 
brown, cold. 
Brown, hot ; yellow, 
d 


cold. 
Green,t} hot and cold. 
Purple, hot and cold. 


In inner flame, 
Red or colorless 
Blue, hot and cold 


Grey or black, hot 
and cold F 


Bottle green, hot and 
cold i . 

Green, hot and cold 

Colorless, hot and 
cold : i 


A yellow mass on cooling . . 


A bluish green mass on cooling 


more if no color, or but a faint color, is produced. 


+ Crif present as a chromate gives a bead brown whilst hot, after having been fused in the 
outer blowpipe flame; but this brown color is not reproduced in the case of Cr when the 
after becoming green by being heated in the inner flame, is again heated in the outer flame. 


[333. 


Inference. 


Presence of a nitrate 
or chlorate. 

Presence of Ba, Sr, 
Ca, Mg, Al, or Zn. 


Presence of Ba, Sr, 
Ca, or possibly of 
Mg. 


Presence of Al, or 


possibly of a phos- 
phate, 
borate. 
Presence of Mg. 


silicate, or 


Zn. 


Absence of the metals 
below. 


Presence of Cu. 


” 
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Experiment. Observation. Inference. 


VY. Mix the substance | Metallic scales or globules are obtained, or an 
in asmall cavity on incrustation forms on the charcoal :— 


ro a 


wood charcoal with 
Na.CO,; and KCy, 
and heat strongly in 
the inner blowpipe 
flame for several 
minutes. 


If metallic globules 
are obtained, detach 
one and strike it 
sharply on the bot- 
tom of an inverted 
mortar with the pes- 
tle, and note whether 
it is crushed to pow- 
der (britile) or merely 
flattened out into a 
cake (malleable). 

If the globules are 
white and malleable, 
take one upon the 
point of a penknife 
and see if it will 
mark paper as a 
black-lead pencil 
does, 


Globules. 
White and brittle. 
White and britile. 
Red and malleable. 
White and malleable, 
marking paper 
easily . : 
White and malleable, 
not marking paper 
and readily fusible. 
White and malleable, 
not marking paper, 
fusible only with 
difficulty. 


Incrustation. 
White 3 : 
Yellow . : 
None r Pe 


Yellow . = 


. . . 


Yellow whilst hot, 
white when cold ; 
becomes green 
when moistened 
with Co(NOs)o 
solution and re- 
heated in the 
outer flame. 

Brown : = 
White; on smelling 

the charcoal a 

smell of onions is 

perceived, 


Presence of Sb. 


Bi. 
Cu. 
Pb. 


Sn. 


Ag. 


After the completion of the preliminary tests for the metal, a 
solution of the substance is made according to the directions in 
332, and this solution is examined as is there directed. 
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334, PRELIMINARY EXAMINATION OF A LIQuID. 


Experiment. Observation. Inference, 


I. Note the color of | I. The liquid is colored :— 
the liquid. Very delicate . . ° . | Presence of Mn or di- 
Pink lute Co solution. 


Note.—If the color Intense : . A . | Presence of Co. 
has to be observed by Very delicate . : ° . », Fe”, or Ni or Cr 
night, it should be ex- G in dilute solu- 
amined by the white reen ’ tion. 
light obtained by Intense $ ; 2 ° » Ni, Cr, or Cu. 
burning a piece of Reddish yellow . . . : », Fe’ or a bichro- 
magnesium ribbon. Yellow mate. 
Delicate tints are best Light yellow . . s, neutral  chro- 
seen by looking mate. 
through some thick- Blue : ; : : : ? 5 Pepe 21 
ness of the liquid at a Violet or purple é . ° ‘ 3 », Crora perman- 
sheet of perfectly ganate. 
white paper. ‘ 
| 
II. The liquid is colorless. ° . - | Absence of Co, Ni, 
/ Cr, Cu, &c. 
II. Dip pieces of red| [eis neutral . . . +. ~~. +. ~~ | Absence of free acids 
and blue litmus pa-| (Not affecting the color of either paper.) and alkalis, and of 
per into the liquid. all salts but some of 


those of Am, Na, K, 
Mg, Ba, Sr, Ca, Ag. 


It is acia 5 3 4 A é 5 . | Presence of a free 
(Turning blue paper red.) acid, of an acid salt, 
If, on adding Na,CO, to a part of the solu-| or of a salt with acid 
tion and warming, no effervescence occurs,| Teaction. 
free acid and acid salt are absent. 


It is alkaline . ‘ ‘ ; e . | Presence of a hydrate 
(Turning red paper blue.) . of K, Na, Am, Ca, 

If the color of the paper becomes only} Sr, or Ba, or of a 
slightly changed it indicates the probable| salt with alkaline 
presence of an alkaline salt. reaction. 
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Observation. Inference. 


Til. Evaporate (27) | A residue is left . = x ; a . | Presence of some dis- 


some of the liquid solved solid, 
upon a thin watch | On being strongly heated the residue blackens 
glass* heated very} andemitsasmellof burning. . .  ./| Pres. of A, O, or T. 


a5 ed —? g ks The smell resembles that of burning sugar. Pres, of T. 
above a small flame Note.—If the cold residue after ignition effer- 
upon a piece of | vesces with a drop of HCl, whereas the unig- 
wire gauze, or by | nited residue did not, the organic acid radicle 
means of a sand or | is united with Ba, Sr, Ca, Mg, Na, or K. 
water bath. The results in Exp. I., par. 333, may be here 
If a residue remains} observed and should be noted. 

on the glass, bring | Keep this residue for Exp. VI. 
this gradually into 
the flame and heat | Noresidueisleft .. . .  .  .  .| Absence of any dis- 
it more strongly. If the liquid is also colorless, tasteless, and | solved solid. 

without action on litmus paper, it must consist 

only of distilled water, and no further exami- 

nation of it need be made. If the liquid is alka- 

line, NHg must be looked for; if it is acid, 

H,COs;, H.S80sz, HCl, HNOs, H.S804, and other 

volatile acids only need be tested for. 


IV. Add excess of | A smell of NH3;; moist red litmus is turned ! Presence of NH. 
strong NaHO or blue, and a rod moistened with strong HCl No further test need 
KHO solution and produces white fumes when held in the | be tried for a metal. 
boil (51). mouth of the test-tube. Proceed to 335, 


V. Experiment IT. (page 183) is then tried by dipping the platinum wire into the liquid, con- 
centrated, if necessary, by evaporation. 


VI. Experiment IV. (page 184) is tried by fusing some of the residue from Exp. III. (above) 
in the borax bead. 


* A piece of thin glass from the side of a broken flask is a cheap and useful substitute for a 
watch glass. 
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PRELIMINARY EXAMINA-— 
$35. Pour dilute H,SO, in excess upon the substance in a test- 
336, A gas is evolved, shown by effervescence or by a charac-_ 


. 
; 
| 


1. Coloriess gas with- | 2. Gas smelling of burning sul-| 3. Gas with a most | 4. Yellow gas smell- 
out smell. phur. fetid smell. ing of Cl. 

A drop of lime/| A drop of K,Cr20; solution held | A slip of filter paper | A slip of moist 
or baryta-water | , in the tube upon the endofa| moistened with litmus paper held 
held in the tube| glass rod becomes green :— alkaline solution in the tube is 
upon the end of a Presence of a sulphite. of PbAg, and held bleached :— 
glass rod becomes in the tube, is | Presence of a hypo- 
milky ay blackened per chlorite. | 
Presence of a car- i Presence of a 

Someta. 2a. The SO, gas is given off pg 


only after standing for a time 
or on warming, and yellow 8 
separates :— 

Presence of « theiosulphate. 


337, Add strong H,SO, in small quantity to a fresh portion 
whether any of the results enumerated below occur ;* if none of 


1. Fumes are evolved with pungent smell and acid reaction to litmus | 2. The liquid becomes yellow 
paper, the liquid is not colored :— or red, and a chlorous smell 


Presence of a chloride or nitrate. 


or slight explosion is pro- 


Confirmatory.—Drop into the 
duced :— 


Confirmatory. — Hold dn. the 


fumes a glass rod moistened 
with a solution of AgNO; 
acidified with HNO;: the 
solution on the rod becomes 
milky : 

Presence of a chloride. 


Confirm by 351. 


acid some small pieces of 
Cu, reddish brown gas is 
evolved :— 

Presence of a nitrate. 


Presence of a chlorate. 


is given off: on warming | 
the tube a crackling noise | 


Confirmatory.— To a portion 
of the cold solution of the | 
substance in water adda few | 


drops of dilute indigo solu- 


tion, then some H. 


3, the | 


blue color of the indigo is | 


destroyed. 


338. After heating the tube containing the strong H,SO, and 
porcelain dish for 338a; rinse out the tube, and dry the inside 


fluoride is shown. The presence of a fluoride, if decisively indi- 


338a. Add alcohol to the liquid in the porcelain dish, mix by 
greenish tinge, it shows: Presence of a borate. Confirm by 353. 


*If Pb, Ba, Sr, or Ca is present, the addition of H,SOs causes a precipitate of the 
¢ It is best to compare this smell with that evolved when NaA is similarly treated, 
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_ tube, and observe the effect produced* ; then heat to boiling : 


a 


ee evolved, best seen by looking 
| down the tube at white 
paper. 


On adding a little cold dilute 
H,SO, and FeSO, solution to 
a fresh portion, a deep brown 
liquid is produced :— 

Presence of a nitrite. 


E 


i of the substance, mix well by shaking, heat gently and note 
them is noticed, proceed to 338 and 338a: 


3. A reddish brown or violet color is 
produced in the acid, and no explo- 
sion or crackling occurs on warm- 
ing :— 

Presence of a bromide or iodide. 


j 

: 
& 
a 
4 


~ 
Tf, on heating the mixture, colored 
vapor is evolved (see note), hold in 
the vapor the end of a glass rod 
covered with moist starch powder : 
the starch becomes brown :— 
Presence of a bromide. 


teristic smell ; see below : 


cyanide 
substance by 351, 


 |5. Reddish brown fumes are | 6. Smell of Hy. 


Test for a cyanide and a 
ferro-, ferri-, and sulpho- 


7. Smell. of Vinegar. 
Refer to 337, 4, below. 


4. A smell of vine- 
gar is noticed :— 
Presence of an 

acetate, 


Confirmatory. — 
Add to a fresh 
portion of the 
substance some 
alcohol, _ then 
strong HSO,; 
a fragrant smell 


No gas is evolved :— 


Absence of carbonate, sul- 
phite, theiosulphate, sulphide, 
in the original | hypochlorite, nitrite. 


Pass on to 337. 


5. A mixture of 


cO and CO, 
gases is given off: 
found by a drop 
of lime water 
held in the tube 
being turned 
milky, and by 
the CO burning 
with a_ blue 
flame when kin- 
dled :— 
Presence of an 
oxalate, 


6. The substance 
blackens and 
evolves gases, 
amongst which 
SO, is recog: 
nized by its 
smell and its ac- 
tion on K,Cr,0, 
solution :— 
Probable pres- 

sence of a tartrate. 

Confirm by 
354, 


The starch becomes bluish black :— proves an ace- 


tate.t 


Presence of an iodide. 


Note.—The vapor is much more 
easily obtained by mixing the sub- 
stance with MnO. powder, before 
adding H2SO,4 and heating. 


substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed: Presence of a 
cated here, requires no confirmation. 


stirring, heat the dish and kindle the alcohol; if the flame has a 


insoluble sulphate: this may be disregarded. 
since a mixture ofalcohol and H2SO when heated evolvesa somewhat fragrant smell. 


eee 
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339, GENERAL TABLE FOR THE 


If the metal has not been detected in the preliminary ex- 
Group it belongs (see Table pp. 178, 179), and then trying 


A part of the solution (332) of the substance, if acid (340), is mixed with dilute HCl (341) ; 


The precipitate may Into the same part of the solution (842) HS is passed, or HeS 


be— is heated to boiling :— 
AgCl—white. . 
Hg,Cly— ** The precipitate may be— To a fresh portion of the solu- 
PbCl,— ‘ Hes—-black [Caution —If a tartrate or 
Pis_ hes evaporating the liquid must 
Bios “ dilute HCl, and tested by 
: Can Pe If AmHO added after AmCl 
Examine for the Cds casio AmHMoO, and warmed. 
metal by Table I. y Re chromate (843) or fluoride 
(344). 
SnS—brown. The precipitate may be— 
SnS,—yellow. Colorless and 
SboS3—orange. Al,Ho,— { transparent. 
As,S3—yellow. Cr.Hog—pale green. 


Fe.Hog—reddish brown. 
Examine for the metal by FeHo.— {nesining abree] 


Table IT. (345). in the air. 


Examine for the metal by Table 
III. (346). 


Tf the precipitate is opaque or 
white and has none of the above 
‘ appearances, refer to 357. 


If no metal can be found, the sub- 


NoTES TO THE GENERAL TABLE. 


340. If the liquid is neutral or alkaline, a portion of it is made 
just acid by slowly dropping in dilute HNO,; if this produces 
no [hg aera or a precipitate which dissolves on adding more 
aoe 3, another portion of the liquid is examined by the above 
table. 

If a precipitate forms, which is not dissolved by adding more 
HNO,, it may consist of a colorless gelatinous H,SiO, from a 
silicate, or finely-divided S which is precipitated white from 
a polysulphide, and yellow from a theiosulphate; or of 
SnO,, or metastannic acid, or Sb,Os (all white); it may also 
possibly be Sn8,, As,S, (both yellow), Sb,8, (orange-red), these 
sulphides being precipitated from a sulphostannate, sulphar- 
senite, or sulphantimonite. 

If H,SiO, separates, itis best to evaporate the acidified solution 
quite to dryness and then heat the residue with dilute HCI; an 


: 


; 
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EXAMINATION FOR THE METAL. 


amination, it is most rapidly found by ascertaining to which 
special tests for each member of the Group. 


Le RAPER ee wee 


= ay 


if any precipitate forms, more HCl is added and the liquid heated :— 


water is added to it (343), the liquid is then diluted, and if no precipitate has formed, it 


tion AmCl is added, then AmHO in excess :— 

oxalate has been found by 337 some of the solid substance or the residue obtained by 
be strongly heated on a piece of porcelain; the residue on cooling is then dissolved in 
Am(C]l and excess of AmHO.] 

produces a precipitate, a few drops of the original solution are added to some 
Should a yellow precipitate form, indicating the presence of a phosphate, or should a 
(338) have been found, refer to 357 for the examination of the Group ILL.a precipitate. 


To the same portion add a few drops of Amo8, or H,S-water :— . 
[ Note.—Before adding Ams the liquid may be blue, showing presence of Ni, or violet from 
dissolved CraHog; the latter must be precipitated by long boiling in a porcelain dish 
g s I 
before adding Am»S. } 


rein 


The precipitate To the same portion add Am C03 :— 
may be— ome ia 
er ZnS—white. The precipitate To the same portion add NagHPO,, warm 
= MnS—pink. may be :— gently and shake well :— 
is k. C hi E 
i Br00. ny re, A white crystal- The metal still pre- 
[Fes— “ ] CaCO;— line precipitate sent may be NHy, 
proves presence Na, K ; it should 
of Mg. have been  de- 
Examine for the Examine for the io cnices 
metal by Table metal by ‘Table examination by 
III. (347). - TV. (348). Tests I. or IL. 
(338). 


stance is probably an acid (334, IT.). 


insoluble residue confirms the presence of a silicate, it is filtered 
off and the filtrate tested for the metal by the above general 
table. 

Any other substance insoluble in dilute HNO, is filtered off 
and may generally be known by its appearance: further, SnO, 
becomes yellow and Sb,O5 orange when moistened with H,S 
water; metastannic acid becomes golden yellow if moistened 
with SnCl, solution. 

341. Make a note of any changes which occur on the addition 
of HCl; gases may be evolved (336), or a yellow solution may 
become reddish yellow, which renders probable the presence of 
a neutral chromate. 

342. Before H,S is added the liquid must be heated, and if 
any smell of Cl or of SO, or brown nitrous fumes should be 
perceived, the solution must be boiled down nearly to dryness, 
then dilute HCl added and H,S added at once. During evapora- 
tion gelatinous H,SiO, may separate (340). 
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343, The following changes occurring on the gradual addi- 
tion of H,S are of importance. If the precipitate is white at 
first, then brown, and at last black, the presence of Hg’ is 
shown; if the solution is strongly acid and gives a red pre- 
cipitate, becoming b/ack on dilution with H,S-water, Pb is 
present. 

A separation of white S may occur, accompanied by the fol- 
lowing changes of color, which are characteristic and should 
be noted down :— 


A reddish yellow solution changing to pale green indicates a ferric salt. 


A reddish yellow ste ae bright green i chromate, 
A green a e colorless = manganate. 
A purple sa “s colorless . permanganate, 


The precipitate of S is known by being perfectly white and 
running through a filter ; it need not be further examined. 

A yellow precipitate which forms only on boiling the liquid 
may be As,8, from an arsenate, or SnS, from a stannic salt. 


344. TABLE I—SILVER GROUP. 


A white precipitate forms on addition of HCl, and is 
either not dissolved when boiled’ with HCl, or it dis- 
solves and reappears in crystals on cooling the liquid, 
showing the presence of Pb. The precipitate may con- 
sist of AgCl, PbCl,, Hg,Cl,. 

Let the precipitate settle and decant the liquid ; boil 
the precipitate in the test-tube with AmHO: 


1. The precipitate dissolves, | 2. The precipitate does not dissolve :— 


at least in part, see note 


below :— 
Presence of Ag. The color of the precipitate | The precipitate becomes 
, is unchanged :— black :— 

Confirm by adding excess of Presence of Pb. Presence of Hg’ 
HNO; to the AmHO so- (Mercurosum). 
lution, a milkiness ap-| (Confirm by decanting 
pears. the liquid, dissolving the Confirm by immersing 


precipitate in HA, and ad-|® bright slip of copper 
in a portion of the ori- 


ne Sa oe ee ee inal solution, made 
Note-—Coagulated _Ag(1 | tion ; a yellow precipitate | Fa" vith a few drops of 
often dissolves only slowly forms. HNO;; a grey deposit 
in AmHO. forms on the. Cu, which 
becomes white and bright 

when rubbed. 


345.) 845, TABLE Il.—COPPER AND ARSENIC GROUPS. 198 


Note the color of the precipitate yielded by H,S :— 
1. The precipitate is dark brown or black; it may consist of SnS, CuS, HgS, BioS3, PbS. 


Add pure NaHO in excess to a small quantity of the liquid and precipitate, or of the precipi- 
_|tate alone after decanting the liquid if possible, and boil :-— 


Say : The precipitate does not dissolve: it may consist of CuS, HgS, Bi.Ss, Pbs. 
The precipitate dis- | “q The cinead solution is blue or green, and becomes "intensely blue on 
solves: to a portion | addition of excess of AmHO :—Presence of Ou. Confirm by adding a few 
of the NaHO solu- | drops of HyS04 to the original solution, and dipping into it a bright knife- 
tion add HCl in | blade or piece of steel, a red film of Cu deposits, 

excess, brown SnS |g. The original solution is colorless. Test in separate portions for Hg, Bi, 


is reprecipitated. ; ial tests :-— 
| Boil another portion Pb by the following special te: 


of the precipitate 

after adding a little | Immerse in the acid | Pour another portion of | To a portion add 
yellow Am§, then solution a bright the original solution into H.S0, a white 
add HCl in excess, strip of Cu; a grey much cold distilled precipitate :— 

a yellow precipi- film is slowly de- water; a white precipi- Presence of Pb. 
tate of Sn&, :-— posited, which be- tate or milkiness :— 


Presence of Sn’’ comes brilliant Presence of Bi. The presence of Pb 
(Stannosum). white when should be confirm- 
rubbed :— Note.—If Bi is sus- ed by adding to a 

Presence of Hg’’ pected and no milkiness part of the origi- 


| The presence of Sn” (Mercuricum). appears, add excess of nal solution AMHQ 
should be con- AmHO to the liquid; Bi in excess,then HA 
firmed by adding | Caution.—A salt of | if present falls as hy- in excess, then 
HgCl, toa part of | Hg’ may have been | drate; filter, pour one or K,Cr04; a yellow 
the original HCl converted into an | two drops of boiling HCl precipitate shows 
solution, a white Hg” salt during | upon the precipitate, and presence of Pb. 
precipitate shows solution in HNOs. | let them drop through into 

Presence of Sn’. The original sub- | large excess of water; a 

stance should | milkiness on stirring shows 

therefore be | presence of Bi. 

treated with 

AmHQ;.- if it 

blackens, Hg’ was 

present; if not, 

Hg” was originally 

in the substance. J 


2. The precipitate is yellow: it may consist of CdS, As,Ss, SnSo. 
Boil the precipitate with NaHO in excess, after decanting the liquid if possible :— 


The precipitate dissolves: it may consist of As.S3 or SnSg; examine portions 


The precipitate does of the original solution as directed below : 
not dissolve: it is 


bright yellow and 
pulverulent— Acidify a portion with HCl, and place | Acidify a portion with strong 
Presence of Cd. in it a piece of Zn which is known to HCl, immerse init some 


be free from Sn: Sn is deposited on the pieces of bright Cu and 
Zn :— boil, a black film is deposited 
| The presence of Presence of Sniv (Stannicum). on the Cu :-— 
| Cd may be con- ; Presence of As. 


| firmed by showing 

| that the precipitate The deposit of Sn should be detached 

| produced by H2S | from the Zn, and dissolved by boiling it Note.—If the yellow pre- 
dissolves on being | in a test-tube with a little strong HCl, | cipitate formed by HS ap- 
| boiled with dilute | then HgCly added; a white precipitate | peared at once in the 
| H,S04. confirms the presence of Sniv, cold, the As is present as 
| Arsenosum; if it formed 
only on boiling, Arsenicum 
is present. 


3. The precipitate is orange red: it may consist of ShoS3. 

} _ Confirm by acidifying a portion of the original solution with HCl and immersing in it a piece of 
| Zn resting on a slip of platinum foil, a black stain on the platinum (193) :— 

Presence of Sb. 


Note.—It occasionally happens, if the solution has not been sufficiently diluted, that H.S gives a 
| pert tiga with Pb solution ; such a precipitate, however, becomes black on adding more 
| H,S-water. 
eee eee ee A ee eA Le RE eo en 


18 
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346, TABLE III.4.—IRON GROUP. 


The color of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it con- 
tains Fe, Al, Cr; the following tests may be made in ~ 
confirmation. 

To a portion of the original solution add KHO grad- 
ually untila precipitate has formed (see note below 
Table), then add KHO in excess and stir well, one of 
the following results will be obtained :— 


1, Acolorless gela- | 2. A pale green | 3. A reddish | 4. A dingy green 


tinous precipitate | gelatinous pre-| brown  precipi- precipitate 
is produced which | cipitate forms, | tate forms, insol- forms, insoluble 
dissolves, in ex- | which dissolves | uble in excess in excess of 


cess of KHO toa | inexcessof KHO| of KHO. Add| KHO, the pre- 
colorless solu- | to a green solu-| KCyS to the cipitate if filter- 
tion: the precipi- | tion: when PbO, | original HCl ed off and ex- 
tate reappears on | is added to/j| solution, a blood posed to the air 


the addition of | this green solu- | red coloration :— gradually be- 
much AmCl to| tion and the Presence of Fe’”’. comes brown :— 
the KHO solu- liquid is boiled Presence of Fe". 
tion :— and then acidified 
Presence of Al. with HA, a yellow 
precipitate is pro- 
duced :— 


Presence of Cr. 


Note.—If a colorless gelatinous precipitate has been produced 
by AmCl and AmHO, and is not produced by addition of KHO, 
a silicate is probably present. Its presence is confirmed b 
fusing the solid substance in a bead of NaAmHPO, (294); or 
by evaporating the acid solution to dryness, a residue insoluble 
in acid is SiO, and may be. tested by the bead as directed 
above. 


347, TABLE III.s.—ZINC GROUP. 


The color of the precipitate produced by addition of 
Am,§ or of H,S to the alkaline solution will distinguish 
Zn or Mn from Ni, Co, and Fe, and will usually dis- 
tinguish Zn and Mn also from one another. See a and 
b below :— 


a. If the precipitate is light in color, add to some of the origi- 
nal solution KHO gradually until a precipitate forms, then add 
KHO inexcess. A white precipitate, dissolving in excess of 
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KHO and reprecipitated by addition of H.S proves presence of 
Zn. <A white or brownish precipitate insoluble in excess of 
KHO and gradually turning dark brown when filtered off and 
exposed to the air, shows presence of Mn. 

. If the precipitate is black, it will consist of either CoS or 
NiS or possibly of FeS; the distinction of the metals Ni and 
Co by the color of their solutions—Ni being green, Co pink— 
and by the colors they impart to the borax bead (833 1V.) is 
quite simple. FeS is only precipitated here from a dilute solu- 
tion of a ferrous salt: Fe’’ is best detected by 346. 


348. TABLE IV.—BARIUM GROUP. 


Dip a loop of platinum wire into the original solution 
or into the HCl solution of the precipitate produced by 
Am,CO,, and hold the wire in the Bunsen flame. If 
the flame coloration thus obtained is not decisive, employ 
the tests placed at the foot of each column as confirma- 
tory =— 


A yellowish green flame':— | A crimson flame, appear- | A red flame appearing 


Presence of Ba. 


Confirmatory.-Add CaSO4 
to a perfectly cold por- 
tion of the HCl solu- 
tion, a precipitate forms 
immediately. 


Note.—A green flame 
coloration may be pro- 
duced by H;BO; 


ing deep red through 
the indigo prism :— 
Presence of Sr. 


Confirmatory.—Add CaSo4 

to a perfectly cold por- 
tion of the HCl solu- 
tion, no precipitate is 
produced, but a_ pre- 
cipitate appears imme- 
diately on boiling. 


dingy green through 
the indigo prism :— 
Presence of Ca. 


Confirmatory.—Add CaSO, 

to part of the HCl solu- 
tion and boil; no pre- 
cipitate. To the rest 
add AmHO in excess 
and Amp(',04; a white 
precipitate forms. 


EXAMINATION FOR THE ACID RADICLE. 


349. If the acid radicle has not been found already 
in the preliminary examinations (335-338a), or during 
the examination for the metal (341, 343), or elsewhere, 
it must be tested for as directed below. Since the solu- 
bility of the substance (332) and the metal it contains 
are known, much trouble is usually saved by referring 
to the “ Table of Solubilities ” (440). 
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For the tests given below, use separate portions of the 
original substance: try the tests in succession until an 
acid radicle is found. 


350, Acidify a portion of the liquid, or if a solid 
dissolve it, with dilute HCland add BaCl, If Pb, 
Hg’, or Ag has been found, acidify with HNO, and add 
Ba(NO,),, since HCl and chlorides would precipitate the 
above metals as chlorides. A white precipitate forms 
which does not disappear on boiling: Presence of a 
sulphate. 

351, Acidify a portion of the liquid, or if a solid is 
being examined, dissolve the solid with dilute HNO,; 
filter off any precipitate or residue which may form, and 
add AgNO, solution: a precipitate forms, which does 
not disappear on warming. Note the color of the pre- 
cipitate; and according as it is white, yellow or orange, 
examine it by 1, 2 or 8:— 

1. The precipitate is white: it may consist of AgCl, AgCy, AgyFeCys, or 


AgCyS. Make a portion of the original solution just acid with HCl, then 
add FegCl, :— d 


A deep blue precipitate : A blood-red coloration : 
Presence of a ferrocyanide. Presence of a sulphocyanide. 


If Fe.Cl, has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and sulpho-cyanide, decant the liquid from the precipitate caused by 
AgNO3, pour upon the precipitate some strong HNO, and boil: 


The precipitate remains The precipitate dissolves : 
undissolved : Presence of a cyanide, 
Presence of a chloride. Confirm the presence of a cyanide in a portion of 
° the original solution by boiling it with FeSO4, FesCly, 
and KHO, and acidifying with HCl: a blue precip- 
itate: Presence of a cyanide. 


2. The precipitate is yellow, and may consist of AgBr or Ag. 
Test some of the original solution for an iodide by adding to it starch solution 
and KNOz solution, the acidifying (if not already acid) with HCl: a deep blue 


coloration : 
Presence of an iodide. 


Tf an iodide is not thus detected, add to another portion of the original solu- 
tion several drops of Cl-water; if the liquid becomes yellow, and on being 
shaken with CS, colors that liquid reddish brown, it shows: , 

Presence of a bromide. 


3. The precipitate is orange red, and is probably AggFesCyyo. 
Make a portion of the original solution just acid with HCl, then add FeSO, 
solution; a deep blue precipitate shows : 
Presence of a ferricyanide. 
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Note—If Hg has been found, HgCy, may be present, not- 
withstanding the formation of no precipitate with AgNO,. If 
not already detected in 333 L., refer to 306. 


352. Acidify some of the original liquid, or if it is a 
solid dissolve it, with dilute HNO,; filter if necessary, 
add a small quantity of this acid solution to some 
AmHMoQ, solution, stir well and warm gently :— 


A yellow precipitate shows :— If a ah pred i Boek to boiling, 
the ati initat 
Presence of a phosphate. e formation of a yellow precipitate 


shows :— 


Presence of an arsenate, 


The presence of a phosphate or arsenate may be confirmed 
by dissolving the yellow precipitate, separated by filtration or 
decantation, by pouring upon it a little AmHO; on adding to 
this solution AmCl and MgSO,, a crystalline precipitate will 
form, which is to be filtered off and washed with a little cold 
water: several drops of AgNO, solution are poured upon this 
precipitate on the filter; if it becomes yellow, a phosphate is 
present; if brown, an arsenate is present. The presence of an 
arsenate is further confirmed by a yellow precipitate (As,S,) 
appearing with H,S when the liquid is boiled, 


353. Acidify a portion of the original liquid, or if a 
solid stir it, with HCL; dip into this solution a piece 
of turmeric paper, and dry it at a gentle heat; if the 
paper becomes reddish brown when dry, and changes to 
dingy green or blue black when moistened with AmHO, - 
it proves the presence of a borate. 


354, The acid radicles, one of which may still be 
present, are ’’T, ’C,O, and ’F. If the metal found be- 
longs to Groups I., IT., III., or IV., the examination 
for one of these radicles must be begun at 356; if the 
metal present is K, Na or NH,, examine by 355. 


395, Make-the solution just alkaline with AmHO, 
then add CaCl, solution in some quantity, shake well 
and let stand, if no precipitate forms at once: the pre- 
liminary examination (337) will usually have indicated 
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[356. 


which of these acid radicles is present, and thus show 
according to which of the three columns below the pre- 
cipitate is to be further tested :— 


A crystalline precipitate, ap- 
pearing after some time, shows 
probable presence of a tartrate. 


Confirm by 1 or 2 below :— 


. Decant the liquid from the 
precipitate, add a little water 
and a single drop of AmHO, 
drop in a small crystal of 
AgNO, and warm very care- 
fully ; a mirror is formed below 
the crystal, presence of a tar- 
trate. This test may be tried 
also with the original solution 
by 322. 

. On acidifying some of the 
neutral original solution with 
HA and adding alcohol and 
KA (unless K or NH, has 


Il. A white pulverulent pre- 
cipitate shows probable 
presence of an oxalate, 


The presence of an oxalate, 
already indicated by the 
test in 337, 5, must be 
confirmed either by warm- 
ing some of the original 
substance with MnO, and 
H.SO4, and testing for 
CO, gas (319): or by the 
more tedious method of 
filtering off and drying 
some of the above precip- 
itate of CaC,04 then 
igniting it 
for a carbonate with HCl 


and testing © 


Ill. <A_ gelatinous 
Jlocculent _precipi- 
tate shows proba- 
ble presence of a 
Sluoride. 

Confirm by filtering 
and warming some 
of the precipitate, 
or of the sub- 
stance if solid, 
in a small cup of 
lead or platinum 
with strong 
H.SO4; fumes 
will be evolved 
which etch a prop- 
erly prepared 
watch glass (296). 


been detected in the  sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
presence of a tartrate. 


(318a) 


356, An oxalate or fluoride of Ba, Sr, Ca or Mg will 
have been already detected. A tartrate of any one of 
these metals is found by gently heating the finely-pow- 
dered substance if it is solid, or the neutral solution if a 
liquid, with very dilute AmHO and a crystal of AgNO;: 
the formation of a mirror shows presence of a tartrate. 
If a metal of Groups I., II. or III. has been found, the 
metal must be separated before testing for the acid rad- 
icle. 

If the metal belongs to Group I. or II., make the 
original solution just acid with HCl, and add H,S solu- 
tion or pass H,S into the liquid for about five minutes ; 
filter off the precipitate and add more H,S to the filtrate ; 
if no more precipitate forms,* boil in a porcelain dish 


until the liquid ceases to smell of H,S, and examine by 
355. 


* If any further precipitate forms, add more of the reagent, filter and 
test again by adding more of the reagent; this addition of reagent, fil- 
tration, and testing the filtrate is repeated until no further precipitate 
forms on addition of the reagent to the filtrate. 


Z 
\ 
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If the metal belongs to Group ITT., add AmCl, AmHO 
till alkaline, then Am,S: boil and filter, add to the fil- 
trate Am,S ; if no more precipitate forms (see foot-note, 
page 198) add HLA in excess, boil, filter off S if neces- 
sary, and examine by 355. 


If no acid radicle can be found-in any quantity and 
the substance is not metallic in appearance, it is probably 
an oxide or a sulphide ; most sulphides yield a sulphate 


.or sulphuric acid when they are boiled with strong 


HNO, which may be detected after dilution by 350; 
an oxide may often be known by its color (331), or by 
some other special property or test : e.g. MnO, by evoly- 
ing Cl when it is heated with HCl, and Pb,O, by leav- 
ing brown PbO, when it is treated with dilute HNO,. 


EXAMINATION OF GROUP IIIa. 


307, The precipitate formed on the addition of AmCl1 
and AmHO to the solution of a substance insoluble in 
water may consist of Al,H,O,, Fe,H,O,, Cr,H,O, ; or of 
Fe, Al, Cr, Zn, Mn, Ni, Co, Ba, Sr, Ca, Mg as _ phos- 


_ phate or oxalate; or of Ba, Sr, Ca as chromate or 


fluoride. 

The systematic examination of a precipitate in Group 
III. for these substances is a difficult matter; such an 
examination is, however, only necessary when an oxalate 
(337, 5), a chromate (348) or a fluoride (338) has been al- 
ready detected, or when a phosphate is found in 339. If 
a precipitate forms in Group III.a, and the above acid 
radicles are absent, proceed as is directed in 346: if the 
above acid radicles are present, the metal must be tested 
for as directed below, unless it has been certainly detected 
during the preliminary examination. 

358, Note the appearance of the precipitate caused by 
AmCl and AmHO, then add Am,S to the liquid and 
precipitate, stir well and according to the appearance of 
the precipitate proceed to examine further by lor 2 (page 
200). 


200 EXAMINATION OF A SIMPLE SUBSTANCE, 


[358. 

1. The precipitate after addition of Am.S is black, it may 
consist of FeS, CoS, or NiS ; the meansof distinguish- 
ing these three metals is given below. Note first the 
color of the original solution (334, 1). 


a. The color of the orig- |b. The color of | c. The color of the original solution 


HCl if necessary, a 
few drops of KCyS 
solution, a blood-red 
coloration is pro- 
duced. 


the presence 
of Oo. 


Co will also 
have been 
detected by 
its borax 
bead = (333, 
EV.) 


ence of Ni. 


Ni will also have 
been detected by 
its borax bead 
(333, IV.). 


inal solution was | the original | was green:—Presence of Ni or Fe’. 
yellow or reddish | solution was 
brown :— pink, or pos- | Note the effect which was produced 
Presence of Fe!” siblyblue,be-| by the addition of AmCl and 
(Ferricum). coming pink | AmHO :— 
on dilution : 
fa is confirmed by ore of 
the precipitate pro- 0 A blue solution) A di een pre- 
duced by AmCl and was produced :— ieleee which, 
AmHO in the orig- | The presence | pyesence of Ni. when shaken 
inal solution hay- | ofCo may be round in a por- 
ing been pale yellow | confirmedby | he presence of} celain dish and 
or reddish brown, | adding ex-| Ni maybe con-| left for several 
and becoming black | cess of KHO| firmed by adding | minutes exposed 
onaddition of Am,S. | to the origi-| excess of KHO| to the air, be- 
nal solution, | to a partof the} comes brown :— 
As a confirmatory test a blue preci- original solution, | Presence of Fe’. 
add to a portion of | pitate turn-| 4 light green (Ferrosum). 
the original solu- | ing red on precipitate 
tion, acidified with boilingshows| hows the pres- | Confirm by adding 


KgCfy. to some 
of the original 
solution, acidi- 
fied with HCl 
if necessary; a 
dark blue precip- 
itate is pro- 
duced. 


2. The precipitate, after addition of Am,S, is white or 
light colored.—It may consist of Cr,Ho,, Al,Ho,, ZnS, 
MnS [or of BaCrO,, or Ba, Sr, Ca, Mg, as phosphate, 
oxalate, fluoride, silicate, or possibly borate]. The 
substances in brackets can, however, only be present 
if the liquid given for analysis was acid in reaction, 
or if a solid was given which was insoluble in water. 


Toasmall portion of the original solution add KHO, 
drop by drop, until a precipitate is produced. (See 
note below the Table.) Note the color and appear- 
ance of this precipitate, then add a larger quantity of 
KHO and stir or shake well; one of the following 
results (a or 6) will be noticed :— 


358.) 


a. The 
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precipitate at first produced by KHO redissolves 


when the KHO is added in larger quantity, indi- 


cating the presence of Al, Zn or Cr. 
appearance of the precipitate : 


A pale green flocculent precipi- 
tate :— 
Presence of Or, 


Confirm by boiling some of the 
green KHO solution with lead 
peroxide (PbO,), a yellow liquid 
is obtained, which, if decanted, 
yields a yellow precipitate on 
addition of HA in excess. 


The color of the solution and of 
the borax bead will also have 
detected Cr. 


Note.—If the Cr was present in 
the acid radicle of a chromate, 
AmCl and AmHO will have 
yielded no precipitate; but there 
will have been a green precipi- 
tate on addition of AmeS and 
heating. 


A white precipi- 
tate, which is 
re — precipitated 
from the K HO 
solution by ad- 
dition of a few 
drops of H,S- 
water, but is 
not re-precipi- 
tated by addi- 
tion of AmClI: 
Presence of Zn. 


Confirmed by no 
precipitate havy- 
ing been pro- 
duced by AmCl 
and AmHO, but 
a white precipi- 
tate by addi- 
tion of Am,§, 
or of HS after 
AmHO. 


Note the 


A white floceulent precipitate, not 
re-precipitated from the KHO 
solution by addition of a few 
drops of H.S-water or by boil- 
ing, but re-precipitated immedi- 
ately if sufficient AmCI solution 
is added :— 

Presence of Al (see Note). 


Note.—A1PO, is also precipi- 
tated here, and is soluble in KHO, 
but differs from Al,Hog in being 
re-precipitated from the KHO 
solution by addition of ,excess of 
HA; if PO, has been detected, 
the analysis is finished. AIPO, 
is soluble only in acids; hence 
the original liquid must have 
been acid or the original solid 
substance insoluble in water. 


Note-——Sometimes a flocculent precipitate is produced on 


adding AmCl and AmHO to the original solution, and yet no 
precipitate is produced Les KHO; this renders probable the 
presence of an alkaline silicate. In this case evaporate a por- 
tion of the solution to dryness with HCl; warm the residue 
with HCl: if any insoluble residue is left, the presence of a sili- 
cate is proved; filter and test the filtrate for K or Na, 


b. The precipitate at first produced by KHO does not 


redissolve on addition of more KHO; the precipi- 
‘tate will have one of the following appearances : 


A white or dingy yellow pre- 
cipitate, rapidly darken- 
ing when shaken in the 
air :— 

Presence of Mn. 


Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass when 
fused with Na,CO,; and 
KNOs, and by no precipitate 
having been produced on 
addition of AmCl_ and 
AmHO, unless the solution 
was exposed for some time 
to the air. 


A pale yellow precipitate, 
not darkening in the air: 
this precipitate will also 
have been produced by 
AmCl and AmHO, and its 
color will not have been 
altered by addition of 


0) — 
Presence of BaCr 0x4. 


Ba has been already de- 
tected by the flame colora- 
tion (333, II.), and a chro- 
mate by the change of 
color of the orange red 
liquid to green on adding 
HLS (348). 


A white precipitate, 
darkening in the air :— 


not 


Presence of Ba, Sr, Ca, or 
ae as phosphate, oxalate, 
Ce 


~ Pass on to 359. 


Note.—This precipitate can 
only be formed if the origi- 
nal solution was acid. 
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359. The precipitate may consist of Ba, Sr, Ca or Mg 
as phosphate, oxalate, borate,* fluoride or silicate. 

Examine for the metal and acid radicle as directed 
below, working through the columns from left to right, 
unless the presence of a phosphate (339), oxalate (333, 
I. 4, or 337, 5), borate (834, V., or 333, IL, or 338a) 
or fluoride (338) has been already proved, in which case 
proceed at once to examine according to 360, or by 
column 1, or 2, or 3, below. 

If this precipitate is proved to contain a phosphate, 
oxalate, borate, fluoride or silicate, the further examina- 
tion for an acid radicle becomes unnecessary. 


1, Add AmHO in excess 
toa portion of the origi- 
nal solution,+ filter, dry 
the precipitate and heat 
a portion of it to a dull 
red heat for several 
minutes on platinum 
foil. 

Place the foil in a test- 
tube and pour a few 
drops of dilute HCl upon 
it; if the residue dis- 
solves with  efferves- 
cence, it shows the 
presence of an oxalate, 


Test this HCl solution 


2. Stir some of the pre- 
cipitate produced by 
AmHO,} column 1, on 
a watch glass, with a 
little water to which a 
few drops of HCl have 
been added, until the 
precipitate is dissolved. 
Dip into the liquid a 
slip of turmeric paper, 


and dry at steam heat; | 


the slip appears reddish 
brown, and becomes 
dingy green when moist- 
ened with AmHO :— 
Presence of a borate. 


3. Place another portion 
of the precipitate pro- 
duced by AmHO,+ co- 
lumn 1, in a leaden 
cup or platinum cru- 
cible, add strong H.SO,4 
and warm _— gently, 
covering the vessel 
with a watch glass 
which has been coated 
with a film of wax and 
has had_ characters 
traced with a sharp 
point through the wax 
(296); the glass is 
etched :— 


Presence of a fluoride. 


Examine for the metal 


for Ba, Sr, Ca, Mg, by 
present by 361. 


339, using it as the 
original solution. 


Examine for the metal 
present by 361. 

If a borate is not found, 
proceed to column 3, If no fluoride is found, 
test for a silicate by 


361. 


If the ignited precipitate 

does not dissolve with 
effervescence, pass on 
to column 2. 


360. Examination of a phosphate—Add to a portion 
of the cold original solution AmHO, drop by drop, whilst 
constantly shaking the liquid, until a slight precipitate 
is formed, which does not disappear on stirring; then 
add HA and NaA solution, and drop in Fe,Cl, until the 
liquid, after being well shaken, has a brown or red color; 
boil and filter immediately. The precipitate is thrown 


* Borates of Ba, Sr, and Ca are rarely precipitated in Group III., since they are 
soluble in the AmCl formed on adding AmHO to the HCl solution. 

+ If. solid is being examined, a portion of the original solid is employed for this 
test instead of the precipitate produced by AmHO in the HCl solution. 
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away. To the filtrate AmCl is added, then AmHO 
until it is just in excess; boil and filter. The liquid or 
filtrate, which must smell strongly of NH,, is then tested 
for Ba, Sr, Ca and Mg by 339, this liquid taking the 
place of the original solution ; and if any precipitate is 
formed by Am,CO,, it must be well washed several times 
with boiling water to remove Na, since the intense yellow 
coloration of Na would mask that of Ba, Sr or Ca. 


Explanation of the Method for Examination of a Phosphate. 


In order to detect Ba, Sr, Ca or Mg present as phosphates, 
the PO, must be removed from the solution and the metal left 
as chloride. This is effected by neutralizing all HCl and leaving 
the solution acidified only by free HA; by addition of Fe,Cl, 
in slight excess and boiling, all PO, is precipitated as FePQs,, 
which, though soluble in HCl, is perfectly insoluble in HA. 
On filtering, FePO, remains upon the filter, and the filtrate 
contains the metal (Ba, Sr, Ca or Mg) as chloride, together with 
a little Fe, but is perfectly free from phosphate. 


361. Examination of a borate, fluoride or silicate.—A. 
portion of the original substance is placed in an evap- 
orating basin, which is then nearly filled with dilute 
HCl, and the liquid is entirely boiled away; the dish 
is once more filled with acid and again evaporated to 
dryness: the residue in the dish is then warmed with 
dilute HCl and filtered, if any residue is left: 


Solution: the HCl solution is examined for| Residue: if any resi- 
Ba, Sr, Ca, Mg by 339, this solution being due remains in- 
treated as is there directed for the original soluble in HCl, it 


solution. proves :— 
Presence of @ silicate. 


Explanation of the process.—The evaporation to dryness with 
HCl removes H,BO, and HF, which volatilize, whilst SiO, is 
left insoluble in HCl and therefore remains as an insoluble 
powder on afterwards warming with HCl; this residue of SiO, 
also remains, however, if HF was present, being caused by the 
corrosion of the dish; since, however, HF, if present, has already 
been found, no notice will then be taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 
LUSTRE. 


366, This shows the probable absence of an acid 
radicle. The only non-metallic elements likely to be 
present are free carbon as graphite, free iodine or com- 
bined sulphur, since several sulphides are decidedly 
metallic in appearance.* The presence of the metals 
Ni, Co, Fe in the free state, and of Fe,O,, may be shown 
by the substance being attracted by a magnet. Pb, or 
graphite, will be recognized by marking paper when 
rubbed upon it, as a black-lead pencil does: the mark 
due to Pb disappears if wetted with dilute HNO. 


PRELIMINARY EXAMINATION,. 


Experiment. Observation. Inference. 


I. Heat a portion of | 1. A black lustrous mirror forms Presence of As. 
the substance in | 2. A yellow sublimate forms, melting, 
a small ignition | when heated, to brown drops . . . | Presence of 8. 
tube. 3. Violet vapor is given off, condens- 
ing to black scales on the sides of 
the tube Presence of I, 
Ifthe substance sublimes entirely | Iodine alone is pre- 
as violet vapor. . sent. 


II. Heat a portion | 1. Smell of garlic Presence of As. 

in the inner blow- | 2. If an incrustation forms, refer to 

pipe flame in a] par. 333, V., where in thesecond and 

cavity scooped | third columns will be found the ap- 

on a piece of| pearance of the incrustation and the 

wood charcoal. metal whose presence it indicates. 
3. Smell of burning sulphur... . . | Presence of S. 
4. A green flame coloration Presence of Cu. 


IIT. Placea portion | 1. A gas is evolved from the upper 

of the substance | end which smells of burning sul- 

in a piece of hard | phur and turns a piece of filter 

glass tube open | paper moistened with K,Cr20, solu- 

at both ends, and | tion green ‘ Presence of 8. 
heat it strongly | 2. The substance burns completely 

in the Bunsen| but slowly away, glowing when 

flame, and after- | strongly heated. This effect is best 

wards in the] seen by heating it strongly on Pt- 

blowpipe flame if | foil by directing the blowpipe flame 

necessary. on the under surface of the toil. Presence of C, 


* The most common sulphides which possess metallie lustre are 
copper pyrites and iron pyrites, which resemble brass in appearance, 
and galena, which resembles lead. 
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After completing the preliminary examination pro- 
ceed as is directed in 332. 
No acid radicle need be tested for except S, As and P, 


- which are most easily detected after they have been con- 


verted into acids by oxidation: a portion of the finely- 
powdered substance is dissolved in strong HNO,, and this 
solution is diluted with water: H,SO, is then tested for 
by BaCl, and H,PO, and H,AsO, by AmHMoQ, (352). 


THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATER AND IN ACIDS. 


367. It may consist of any one of the following sub- 
stances ; those included in brackets being less likely to 
occur than the others, since they are soluble when heated 
with sufficient water or acid. As will be seen below, the 
color frequently serves to indicate what substance is 
present. 

1. White: BaSO,, SrSO,, (CaSO,), PbSO,, (PbCl,), 
a SiO,, (Al,O, ignited), SnO,, Sb,O;, Sb,O,, 

aF,. 

2. Dark colored : ignited Fe,O; (dark brown or black), 
ignited Cr,O; (dark green or black), FeCr,O, and 
ignited PbCrQ, (dark brown), C (black). 

3. Yellow: S, AgBr,* AgI,* (PbI,). 

An insoluble silicate may also be present. Fora fuller 
description of these substances see 475. According to 
the color of the substance, examine it by 368, 369 or 
370. 

868. The substance is white. If sufficient substance 
is available, try the following preliminary tests; if not, 
proceed at once to 368a. Pour upon asmall portion a drop 
of Am,S;; if it blackens, the presence of Pb or Ag is prob- 
able; if it becomes yellow or orange red, the presence 
of Sn or Sb is probable ; pass on to Test III. in the fol- 
lowing table. - 

If no change of color is produced by Am,S, try Tests 
I. and IT. 


* Darkens quickly in sunlight, and slowly in ordinary daylight. 
19 
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Experiment. 


I. Moisten a clean loop 
of platinum wire, im- 
merse itin the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner  blowpipe 
flame: moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame. 


II. Fuse a portion of the 
substance, mixed with 
Na,COg in fine powder 
in a cayity scooped upon 
a piece of wood charcoal 
in the inner blowpipe 
flame produced from a 
spirit lamp flame, 


III. Mix some of the 
finely-powdered — sub- 
stance with powdered 
Na CO; and KCy on a 
small cavity made ina 
piece of wood charcoal 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 


ANALYSIS OF A SIMPLE SUBSTANCE. 


Observation. 


A yellowish green flame. 


A crimson flame, appear- 
ing deep red through the 
indigo prism. 


A reddish flame, appear- 
ing dusky green through 
the indigo prism. 


The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushedwith 
the blade of a knife, a 
black stain, 


White metallic malleable 
globules, which mark 
paper, and if dissolved 
in HNO; give a white 
precipitate with H.S80, ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic malleable 
globules which do not 
mark paper: they dis- 
solve in HCl, the solu- 
tion giving a white pre- 
cipitate with HgClo. 

White metallic brittle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange red pre- 
cipitate with H2S8: white 
incrustation. 

White scales, no incrus- 
tation: the metal is 
insoluble in HCl, and if 
dissolved in HNOg: gives 
no precipitate with 
H,S04, but a white pre- 
cipitate with HCl; the 
original substance is 
instantly blackened by 
a drop of Am,S, and is 
dissolved on being 
warmed with AmHO. 


[368. 


Inference. 


Presence of Ba, 


Test for 
80,4 by 


Presence of Sr. 
Exp.I. 


Presence of Ca. 


Presence of a sulphate. 
Note.—If 804, is not 
found, test for F by 338 
or 29€, and _ further 
examine the substance 
by 368a. 


Presence of Pb as chloride, 
sulphate, or chromate. 
Refer to the note below 

this table. 


Presence of SnOg. 


Presence of Sb204 or Sho 05. 


Presence of AgCl. 


[See 
also 368]. 


Note-—Boil some of the substance with much water, add 


HNO, and AgNO,, a white precipitate shows presence of PbCl,. 
Test for chromate by fusing in a porcelain crucible with 
ae K,CO,; a yellow mass on cooling shows presence of 
rr O,. 
The presence of PbSO, may be proved by Test II., and by 


spits sad “ 
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pouring upon the original substance H,T, then excess of AmHO, 
and boiling : filter if necessary, acidify a portion of the clear 
solution with HA, and add K,CrO,, a yellow precipitate : Pres- 
ence of Pb. _Acidify another portion with HCl, and add BaCl, 
a white precipitate insoluble on boiling : Presence of SO,. 

If none of the substances mentioned in the above 
table have been detected, test for Al,O; by heating the 
substance strongly on charcoal in the outer blowpipe flame 
after moistening it with Co (NO), solution, a blue mass 
shows presence of Al,O3. 

If Al,O, is not found, fuse some of the substance in a 
clear bead of NaAmPHO,, it floats undissolved :—Pres- 
ence of SiO, or a silicate. Proceed to 368a. 


368a, Fuse a portion of the finely-powdered substance, 
mixed with four or five times as much fusion mixture, 
for several minutes in the blowpipe flame on a piece of 
platinum foil, or in a porcelain crucible if Pb or Ag is 
present; boil the cool mass with water, filter and wash 
the residue. 


Examination of undissolved residue.—Heat the residue 
with dilute HNO, ; if it does not dissolve, decant the 
acid and heat the residue with a small quantity of dilute 
HNO, and HCl mixed: if the residue is still undis- 
solved, it must be fused again with fresh fusion mixture, 
and treated as is directed above. 

The acid solution is examined for the metal by 339. 


Examination of the water solution.—When the metal 
present has been detected, it will usually be possible to 
limit the number of acid radicles which need be tested 
for by referring to the list in 367. Tests are given 
below for all acid radicles likely to occur in insoluble 
substances: separate portions of the water solution are to 
be used. 

Sulphate: acidify a portion with HCl and add BaCl,, 
a white precipitate will form. 

Chloride: acidify a portion with HNO, and add 
AgNO,, a white precipitate is produced, which is easily 
soluble in AmHO. If the precipitate produced by 
AgNO, has a yellow tinge and is not easily soluble in 
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AmHO, add to a fresh portion of the water solution a 
little CS,, then acidified CaCl,O solution, drop by drop, 
shaking well between each addition, a brown coloration 
of the CS, shows a bromide, a violet coloration an iodide. 


Silicate: make a portion acid with HCl and eyapor- 
ate to. perfect dryness; if on warming with dilute HCl 
an insoluble residue is left, this proves the presence of 
silica or a silicate. 


Fluoride : acidify with HA and add CaCl,, a gelatin- 
ous white precipitate forms. Confirm by tests (338 or 
296) tried on some of the original substance. 


369. The substance is dark-colored (367, 2). 


Place some of the substance on a piece of platinum foil 
and heat the foil strongly on its under surface by the 
blowpipe flame :— 


The substance burns away |The substance does not burn away: place upon it 
slowly but completely :-— three or four times as much powdered NagCOg 
and KNOs, and fuse for some time ;— 


“Presence of O. 


1. The substance dissolves, forming a yellow mass 
when cold :—Presence of Cr 03. 


2. The substance remains undissolved as a dark 
brown powder, and the mass on cooling is 
white :—Presence of Fe.03.* Confirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 


370. The substance is yellow (367, 3). 
Heat a portion of it strongly in a small ignition tube; 
one of the following results will occur :— 


It fuses and sublimes, the  subli- | It fuses, but does not sublime. 
mate being yellow and melting | Examine a portion of the substance 
to reddish brown drops when] for Ag and Pb and for Br and I by 
heated :— 368a, 


Presence of 8. 
Note.—If the substance sublimes en- 
tirely, it consists only of sulphur. 


ir Nae shows both reactions 1 and 2, since it contains both Fe 
and Cr. 


an Sa 
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ANALYSES OF SIMPLE SALTS, SHOWING 
HOW TO ENTER RESULTS. 


A. Liquid given for analysis. 
Preliminary Examination for the Metal. 


Experiment. 
1. Noted the color of the 


liquid. 


2. Dipped into it a piece 
of blue litmus paper. 


3. Evaporated a few drops 

slowly upon a watch 
lass. 

Ignited the residue 


strongly. 


4, Added KHO solution 
and boiled. 


5. Dipped a loop of plat- 
inum wire into the 
solution and held it in 
the flame. 


6. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
inner blowpipe flame. 


Observation. 


Blue. 


The paper was turned 
red, but on addition of 
Na ,CO, no efferves- 
cence occurred, 


Pale blue residue left. 


Blackened without smell 
of burning. 


No smell of NHg. 


Bright green flame; on 
moisteniug the wire 
with strong HCl and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead 
was green whilst hot, 
blue when cold. 

In inner flame it be- 
came colorless. 


Inference. 


Presence of Cu. 


Presence of a salt with 
acid reaction. 


Presence of some dis- 
solved solid. 


Absence of organic acid 
radicles. 


Absence of NH4. 


Presence of Cu. 


Presence of Cu. 


Preliminary Examination for the Acid Radicle. 


Experiment. 


1. Added dilute H,SO, 
and warmed. 


2. Added strong H,SO, 
and warmed, 


Observation. 


No gas was evolved, 


No gas was evolved. 
And no red fumes on add- 
ing Cu clippings. 


i? 


Inference, 


Absence of carbonate, 
sulphite, sulphide, and 
nitrite. 

Absence of chlorate, &c. 

Absence of nitrate. 
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Examination for the Metal. 

To a portion of the liquid added HCl:— 
No precipitate. : 
Absence of Group I. 


| Added strong H2S-water:— 
A brownish black precipitate. Presence of Sn/’, 
Hg’’, Bi, Pb, or Cu. 

Allowed the precipitate to settle, poured off as 
much of the liquid as possible and boiled the 
precipitate with excess of NaHO, it remained 
undissolved. 

Since the original solution was blue, aclean knife 
blade was dipped into a portion of it acidified 
with H2SOs, red copper was deposited on .the 
steel: — 

Presence of Cu. 


Examination for the Acid Radicle. 
Added HCl and BaCl,; a white precipitate was pro- 
duced which did not disappear on boiling : Presence of 


sulphate. 
Found Cu, SO, 


B. Liquid given for analysis. 
Preliminary Examination for the Metal. 


Experiment. 


1. Noted the color of 
the liquid. 


2. Dipped red _ litmus 
paper into the liquid. 


8. Evaporated a few 
drops to dryness upon 
a watch glass. 

Ignited the residue 
strongly. 


4. Boiled a portion with 
excess of KHO. 


Observation. 


Light yellow. 
It was turned faintly 
blue. 


A yellow residue re- 
mained. 


No blackening. 


No smell of NH3. 


Inference. 


Presence’ of ‘a neutral 
chromate. 


Probable presence of an 
alkali salt. 


Presence of some dis- 
solved solid. 


Absence of organic acid 
radicle. 


Absence of NH4. 


5. Dipped a loop of plat- | A pale violet flame, 
inum wire into the appearing crimson 
solution, and held it in through the indigo 
the Bunsen flame. prism. Presence of K. 
6. Dipped a clear borax | Outer flame: brown, 
bead into the residue hot ; green, cold. 
from 3, and fused in | Inner flame: green 
the outer and inner hot and cold. eee Fe Cr as a 
blowpipe flames. Brown color not ee 
reappearing in the 


outer flame, 


NPC 
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Examination for the Metal. 

Since the liquid was alkaline in reaction, ari to a 
small portion of it a few drops of HNO; until it became 
acid, this produced no precipitate. 

To another portion added HCl, the liquid turned from 
yellow to orange red, indicating presence of a neutral 
chromate : 


in Then added H.S-water and warmed: 
precipit 


Absence “ge The liquid be- | To another portion of the original solution added AmCl, then 


Group I. came green, AmHO, no precipitate formed: then added Am.S and boiled : 
and white 
S was de- | No precipitate in the cold, | Added to another portion of the 
posited ; but on boiling a green solution AmCl, AmHO, and 
flocculent precipitate gra- Am,C03: 
Presence of a dually formed, evidently 
chromate. consisting of Crj2Hog re- | No precipitate. | Added to the 


Absence of 
Group IV. 


duced from the chromate. same portion 
Na.HPO, and 


stirred : 


No precipitate. 
Absence of Mg. 


Since K was found by the flame coloration in the 
preliminary examination, its presence was confirmed b 
stirring a portion of the solution, to which a few drops 
of HCl had been added, with PtCl, on a watch glass ; 

a yellow crystalline precipitate forming on the lines 
rubbed by the rod: Presence of K. 

Found K, CrO,. 


) C. A white erystalline substance given for analysis. 
Boiled a small portion with water; it dissolved com- 
pletely. 

Preliminary Examination for the Metal. 


Experiment. Observation. Inference. 


The substance gave off red 


. Heated in a small dry test-tube. 
; fumes and oxygen gas, 


2. Dipped a loop of moistened pla- 


tinum wire into the powdered 
substance, moistened with strong 
HCl and held in the Bunsen flame. 


3. Heated a small portion in a cavity 


on wood charcoal in the inner blow- 
pipe flame. 


4, Fused on charcoal in the inner blow- 


pipe flame with NagCO3 and KCy. 


which inflamed a giow- 
ing splinter of wood. 
It left a yellow residue. 


A pale blue flame. 


Deflagration occurred. 

A white malleable globule 
remained which easily 
marked _ paper. A 
yellow incrustation. 

Same result as with 3. 


Presence of a nitrate of a 
heavy metal. 
Presence of Pb, Sn, or Bi. 


Presence of As, Sb, Pb. 


Presence of a chlorate or 
nitrate. 


Presence of Pb. 
Presence of Pb. 
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Examination for the Metal in Solution. 

Boiled a portion of the powdered substance with 
water, cooled, added HCl to a part of the clear solution, 
a white precipitate was formed, which disappeared on 
boiling, but appeared again in the crystalline form on 
cooling the liquid (probable presence of Pb). 

A, Confirmed the presence of Pb by decanting the liquid 
and boiling the precipitate with AmHO, it remained 
white and did not dissolve; decanted the ammoniacal 
liquid, dissolved the precipitate in a little HA and added 
K,CrO,, a yellow precipitate: Presence of Pb. 

Since a nitrate was found in the preliminary examina- 
tion, its presence was confirmed by adding strong H,SO, 
to the aqueous solution of the substance, and pouring 
solution of FeSO, carefully upon the cooled liquid in 
a test-tube; a brown ring formed on the surface of the 
acid: Presence of NO,. 

Also some of the solution when heated with Cu and 
strong H,SO, evolved reddish brown fumes: Presence 


of NO. 
: Found Pb, NO;. 


D. A white powder, emitting no smell, given for an- 
alysis. 

Boiled some of the powdered substance with water, it 
did not dissolve: added a few drops of strong HCl and 
boiled, the substance dissolved completely (absence of 
Group I.) without effervescence. 


Preliminary Examination for the Metal: 


Experiment. Observation. Inference. 
1. Heated in a small dry test-tube. No change. Absence of volatile and — 


fusible substances and 
of water of crystalliza- 


tion, &c. 
2. Dipped a moistened loop of pla-.| No flame coloration. Probable absence of K, 
tinum wire into the powdered sub- Na, Ba, Sr, Ca, Cu, &c. 


stance, moistened the powder with 
strong HCl and held it in the 
Bunsen flame. 

3. Heated a portion of the powder | Thesubstance did not fuse. | Absence of alkali salt. 
strongly on charcoal in the inner | A white luminous residue 

blowpipe flame. which when moistened 

on red litmus paper 

showed an alkaline re-| Presence of Ba, Sr, Ca, 

action. Mg. 
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Examination of the Solution. 

To a portion of the HCl solution added H,S-water ; - 
no precipitate: Absence of Group LI. 

To another portion of the HCl solution added AmCl 
and AmHO in excess, a white flocculent precipitate: then 
added Am,S, the color of the precipitate was unchanged. 

To a few drops of the HCI solution added K HO, drop 
by drop, until a white flocculent precipitate formed, then 
added excess of KHO and boiled, the precipitate did not 
dissolve, and it did not become discolored in the air: 
Presence of Ba, Sr, Ca, Mg as phosphate, oxalate, ete. 

Added a drop of the original HCl solution to some 
AmHMo0O, solution in a test-tube and warmed gently, 
a yellow precipitate: Presence of PO, 

To another portion of the cold HCl solution added 
AmHO, drop by drop, whilst constantly stirring until a 
precipitate formed which did not redissolve, then added 
HA and NaA solution until this precipitate dissolved 
when the liquid was well shaken. Fe,Cl, was added 
until the liquid appeared red; it was then boiled and 
immediately filtered. To the filtrate AmHO was added 
in excess and the precipitate filtered off, then Am,CO, 
was added, a white precipitate formed: Presence of Ba, 
Sr or Ca. 

Filtered and dissolved the precipitate by pouring upon | 
it a few drops of boiling HCl; dipped a loop of platinum 
wire into the solution and held it in the Bunsen flame, 
a red flame appearing dingy green through the indigo 
prism: Presence of Ca. 

A few drops of the solution boiled with CaSO, gave 
no precipitate, proving the absence of Ba and Sr; the 
presence of Ca was therefore confirmed by the formation 
of a precipitate on adding to the rest of the solution 
excess of AmHO, and then Am,C,O,. 

Found Ca, PO, 


E. A white odorless powder given for analysis. 

Boiled a portion of the substance with water, it did 
not dissolve: added HCl and heated again, it dissolved 
completely (absence of Group I.) without effervescence. 
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Preliminary Examination. 


Experiment. Observation. Inference. 


1. Heated a portion in a | The substance blackened 
small dry test-tube. slightly ; it evolved COs, 
which turned a drop of 
lime-water milky. The 
residue in the test-tube 
effervesced with HCl, | Presence of an organic 
whereas the _ original salt of K, Na, Ba, Sr, 
substance did not. Ca, or Mg. 


2. Held a portion of the | A red coloration, appear- | Presence of Ca, 
substance on a loop of ing dusky green through 
platinum wire in the the indigo prism. 
Bunsen flame; then 
moistened with HCl 
and again held in the 
flame. 


3. Heated on charcoal in | A white luminous mass | Presence of Ba, Sr, Ca, 
inner blowpipe flame. remained, which when or Mg. 
moistened on red _ lit- 
mus paper turned it 
blue. 


Examination for the Metal. 
Added to a portion of the HCl solution strong H,S-water. 


No precipitate;—| To another portion of the HCl solution added 
Absence of Am(Cl, then AmHO in excess, a white precipitate 
Group IT. formed; added Am,§S, the color of the precipi- 

tate remained unaltered. 

To another portion of the solution added KHO, | 
drop by drop, until a precipitate formed, then 
more KHO and boiled; a white precipitate in- 
soluble in KHO, and not darkening in the air; 
—Presence of oxalate, phosphate, §c., of alkaline 
earths. 

Since the presence of an oxalate of an alkali or alka- 
line earth-metal was indicated in the preliminary 
examination, a portion of the original substance 
was heated on platinum foil, then dissolved in 
HCl (effervescence) and to the solution excess of 
AmHO and of Am,CO, was added. The liquid 
was warmed and put aside till the precipitate 
subsided, then the liquid was decanted and the 
precipitate dissolved in a few drops of HCl. 

A platinum wire dipped into this HCl solution 
gave a red flame coloration, appearing dusky 
green through the indigo prism:—Presence of 
Ca. [Confirmed by another portion of this HCl 
solution giving a white precipitate with excess 
of AmHO and Am,C,0,. | 


1 
ie 
4a 
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The presence of C,O, was confirmed by heating some 
of the original substance with strong H,SO,: gases were 
evolved which rendered milky a drop of lime-water and 
burnt with a blue flame, showing presence of CO, and 
CO: Presence of C,0,. 


Found Ca, C,0,. 


F. A yellow, metallic-looking substance given for an- 
alysis, 
Preliminary Examination. 


Experiment. Observation. Inference. 


1. Heated a portion of | A yellow _ sublimate 


the substance strongly formed which melted 
in a small tube closed into brown drops: a 
at one end. smell of burning S was 


evolved, and a piece of 
paper dipped into 
K.Cr.07 solution when 
placed in the mouth of 
the tube became green. | Presence of 8. 


A brown residue left. Probable presence of Fe, 
2. Heated strongly on | StrongsmellofburningS. | Presence of 8. 
charcoal in the inner The residue fused into 
blowpipe flame. a dark-colored glob- 


ule, which when cold 
was strongly attracted 
by the magnet, Probable presence of Fe. 


3. Heated a fragment | A gas was evolved which 
strongly in a glass tube had a suffocating smell, 
open at both ends, and which turned 
and held obliquely K,Cr.0, paper green. 80, from combustion of S. 
in the flame. 


Solution of substance. 

Warmed the powdered substance with a mixture of 
strong HNO, and HCl, it dissolved completely; boiled 
down in an evaporating dish, adding strong HCl several 
times; when nearly dry, diluted with water. 


Examination of the solution for the Metal. 


Since the substance dissolved entirely in the presence 
of HCl, Group I. is absent; to a portion of the solution 
added H,S-water : 
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The solution be-| To another part of the solution added Am(l, then 
came colorless,| excess of AmHO, a brown flocculent precipitate 
and white Swas| formed: to a fresh part added excess of KHO, 
precipitated:—j| brown flocculent precipitate insoluble in KHO, 


Probable presence; Presence of Fe//’. 

of a ferric salt. | Confirmed the presence of Fe by adding to a fresh 
part of the original solution KCyS solution, a 
blood-red solution; Presence of Fe//’. 


Confirmed the presence of S by adding to a part of 
the original solution BaCl,, a white precipitate formed 
which did not disappear on boiling: Presence of SO, 
derived from oxidation of sulphur. 


Found Fe, 8. 


G. A white powder given for analysis. 

Boiled a small portion with water, it did not dissolve. 

Boiled another portion with HCl, it did not dissolve: 
added HNO, and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water 
and in acids, and since it is white, it can only be BaSO,, 
SrSO,, (CaSO,), PbSO,, (PbCl,), AgCl, SiO,, A1,O,, 
SnO,, Sb,O, or CaF, 

Poured Am,S upon some of the substance, its color 
was unchanged: Probable absence of Pb, Ag, Sn, Sb. 


Preliminary Examination. 


Experiment. Observation. Inference. 


1. Took some of the 
powder up with a loop 
of moist platinum 
wire, ignited it 
strongly in the inner 
blowpipe flame, mois- 
tened it with HCl, 
and held in the Bun- | A yellowish green color- | Presence of Ba. 
sen flame. ation. 


np 


. Fused a portion with 

Na ,CO3 on charcoal 

in the inner blowpipe 

flame, placed the 

cooled mass on a 

bright shilling, and 

moistened it with a| A black stain on the | Presence of S. 
drop of water. coin, 


ies 
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Examination of the Solution. 


Fused some of the powder with fusion mixture on 
platinum foil: boiled the cold mass with water ; filtered. 

Filtrate: made acid with HCl and added BaCl,, a 
white precipitate, which did not disappear on boiling 
the liquid: Presence of SO,. 

The residue on the filter was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dis- 
solved completely. 


Absence of | To a portion added strong H.S-water and heated : 
Group I. 


No precip- | To another portion added AmCl, then AmHO in excess, 
itate. 


c then Am,§S, and boiled : 
Absence of 


Group II. | No precip- | To another portion of the original solution 
itate. added AmCl, AmHO, and Am,COz: 


Absence of 
Group III. | 4 white precipitate: Presence of Ba, Sr, 
or Ca. 


A platinum wire loop dipped into the 
original solution gave a yellowish green 
tint to the Bunsen flame: 

Presence of Ba. 


Found Ba, SO,, 


SECTION VL 


FULL ANALYTICAL COURSE AND TABLES. 


INTRODUCTORY REMARKS, 


After having tried the reactions in the fourth section, and 
learnt how to detect the members of each group occurring sing] 
or together, substances containing any members of any or all 
of the groups should be analyzed. The substance given for 
analysis should be either a liquid or a solid, since the full an- 
alysis of a gaseous mixture is not provided for in the following | 
course. 


PRELIMINARY EXAMINATION OF CoMPLEX 
SUBSTANCES. 


374. Before proceeding to employ the full course of 
analysis for substances of complex composition it will 
be well to examine a few substances for metals and acid 
radicles by the preliminary tables given in paragraphs 
383, 384, 385 ef seg. For a detailed account of any of 
these tests the student must refer back to the description 
given of it in the fourth section. 


375, A little study of these tables (388-415) will 
show that they contain certain principal tests marked 
thus,—“ Exp. I.;” these stand in the first column: in 
the second column are placed the results which may be 
noticed on trying these experiments; a glance through 
these will forewarn the student of what has to be looked 
for. The main classification of the observations which 
may be made is indicated by large-type letters; the 
subsidiary divisions are marked by small numbers and 
italics, and the individual results are simply placed in 


-sueeession in a vertical column. 
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Occasionally an observation is made which it is ad- 
visible to confirm by an additional experiment: this 
confirmatory test is then entered in the first column just 
below the original observation, and is marked Con- 
jirmatory to distinguish it from the main experiment ; 
its results are placed beside it in the second column. 
The student must understand that any of the results 
entered in the second column may be obtained. 

A few salts and mixtures such as those mentioned in 
560 should be subjected to a careful preliminary ex- 
amination by the student, and the results obtained should 
be carefully entered, as soon ag they have been obtained, 
in the tabular form, as is shown in 488. 


Fut EXAMINATION OF SUBSTANCES IN SOLUTION. 
After having become familiar with the preliminary 
examination of solid substances the student should fully 
analyze some easy substances containing only a few metals 
and acid radicles, beginning at paragraph 385 and follow- 
ing up the preliminary examination by dissolving the 
substance and making a systematic examination of its 
“solution. In examining the solution for metals the 
following general explanation should be attended to : 


376. It is necessary first to separate the metals into 
groups by adding the group reagents in such order that 
each precipitates the metals of one group only, leaving 
in solution the metals of all other groups which may be 
present. 

This is effected by adding the group reagents as is 
directed in the General Table (419) ; the Group Table, 
on pages 178, 179, furnishes a convenient explanation 
of this scheme. 

The first reagent added is HCl, which precipitates only 
the metals of Group I. and leaves the metals of Groups 
If., I11., IV. and V. in solution ; hence, if a precipi- 
tate is obtained on adding excess of HCl, it is filtered off, 
and any member or members of Group I. will then be 
present upon the filter, whilst the members of all other 
groups remain in the filtrate. 


920 INTRODUCTORY REMARKS ON THE [877. 


On passing H,S into the filtrate,* metals of Group IT. 
alone will be precipitated and may be filtered off. 

The filtrate,* after removal of H,S and oxidation of 
any Fe by boiling it with HNO,, may be mixed with 
AmCl and excess of AmHO ; the AmHO will precipi- 
tate any members of Group ITI.a, Group ITI.B and Mg 
remaining dissolved by the AmCl. 

The addition of Am,S to the filtrate* will then sepa- 
rate Group III.B as sulphides. 

Group IV. is precipitated from the filtrate* by the 
last group reagent, Am,CO.,, and the filtrate* is examined 
for Group V., the members of which, not being pre- 
cipitated by any group reagent, may now be present in 
solution. 


377, Addition of reagents in excess.— Each group 
must be completely precipitated before adding the next 
group reagent ; hence it is necessary, if any precipitate 
has been formed by a group reagent, to add that reagent 
in excess before proceeding to add the next one: unless 
the presence of each reagent in excess is made certain 
before proceeding, much confusion may be caused. 

The general method for ascertaining that a group re- 
agent is present in excess consists in adding a few drops 
more of it to the liquid, which has been rendered clear 
by letting the precipitate settle or by the filtration of part 
of it; if any further precipitate is formed, the whole of 
the liquid should be well stirred with more of the re- 
agent, and the clear filtrate again tested in the same way; 
this process must be repeated until no further precipitate 
is caused. 

In certain cases this method of proceeding is rendered 
unnecessary, the excess of a reagent being detectable by 
its smell after the solution and reagent have been well 
mixed and the air above the liquid has been blown out. 
This is the case, for example, with H,S and with AmHO. 
In other cases, as, for example, with yellow Am,S, the 
excess is seen by the color of the filtrate. If, however, 


*Or solution, supposing no precipitate to have been obtained, and 
filtration, therefore, to have beep unnecessary. 
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an acid or alkaline substance is to be added in excess, the 
student should always prove the excess by the use of 
test paper. 

378. Washing group precipitates.—Before examining 
each group precipitate it is necessary that it should be 
washed thoroughly from adhering solution, as is de- 
scribed in Exp. 52 (81); this must also be done in the 
separations by filtration described in the Group Tables. » 
If the washing has not been satisfactorily carried out, 
many complications may arise. 


379. Evaporation before precipitating the Third 
Grouwp.—Certain organic substances hinder or prevent 
the precipitation of the members of Group ITI.a. by 
AmHO: these are usually detected in the preliminary 
examination, and if they are detected, it is necessary to 
destroy them by evaporation and ignition before pro- 
ceeding to precipitate Group ITT. 

Evaporation to dryness and gentle ignition are also 
necessary to separate SiO,, which, if it remained in 
solution, might be mistaken for Al,H,O,. 

But if organic substances, borates, fluorides, and 
silicates are known to be absent, it is sufficient to boil 
the filtrate from Group IT. until it no longer smells of 
HS, then add a few drops of strong HNO, and con- 
tinue to boil the liquid for several minutes, in order to 
completely remove H,S and to convert ferrous into ferric 
salts. 

The separation of the sub-groups III.a. and ITII.z. 
in the general table (419) is never complete: for an 
account of more exact methods the student is referred to 
paragraphs 459 et seq. 

The method of examining the precipitates in Group 
ITI. may also be influenced by the presence of a phos- 
phate in the solution: this is fully explained in 463. 


380. It will be seen that the full course of analysis is 
so arranged that it serves not only to detect what is pres- 
ent in a substance, but also to prove that all else is 
absent : this is usually the object in view when analyzing 
an unknown substance, , 
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The process may in most cases be shortened by using 
separate portions of the solution: the plan adopted in 
the general table of working throughout with the whole 
of the solution is however preferable, since it enables the 
analyst to form an opinion as to the relative quantities 
of the different substances present; and this is usually 
important. 


An example of entry of results is given in 488; it 
will be seen that the form adopted is that of the analyt- 
ical tables. 


Substances for analysis are mentioned in 560, 561. 


The student will do well at first to gain much ex- 
perience in the analysis of easy mixtures, which are com- 
pletely soluble in HCl and contain no cyanogen, organic 
salts, silicates or phosphates precipitable in the Third 
Group. The analysis will thus be much simplified, since 
it will be unnecessary to evaporate the filtrate from the 
second group to dryness, or to follow any special method 
of precipitating and examining Group IIT. 

When the ordinary course of analysis has been mastered, 
substances should be attempted in which the above com- 
plications exist: and finally minerals, water residues 
and artificial products and bye-products should be 
analyzed, in which minute traces of their constituents are 
carefully looked for. 

It will be unnecessary to do more than mention the 
extreme importance of the spectroscope in rapidly dis- 
covering certain substances, especially when they are 
present in minute quantity only (42). 


ANALYTICAL TABLES. 


GENERAL COURSE OF ANALYSIS FOR SOLID 
AND LIQUID SUBSTANCES. 


381. Unless cyanogen is known to be absent, it must 
be tested for in a small portion of the substance by the 
tests described in 304, 306. If cyanogen is detected, 
refer to 482 et seq. for the preparation of the solution 
and the method of analysis. If cyanogen is not present, 
the substance is examined by 383, 384 or by 385 e¢ 
seq., according as it is a liquid or a solid. 


$82, A silicate may also be tested for by fusing some 
of the finely-powdered substance in a bead of microcos- 
mic salt (294). Ifa liquid is being examined, a portion 
of it is evaporated to dryness, and the solid residue is 
then examined. 


I. THESUBSTANCE FOR ANALYSISIS A LIQUID. 


383. Test it with blue litmus paper and with either 
red litmus or turmeric paper: one of the following re- 
sults will be obtained (84) :— 


1. It is neutral, not changing the color of either paper: this 
shows the absence of acids and alkalis and of salts with acid or 
alkaline reaction. The salts of Ag and Mg and certain salts of 
Am, Na, K, Ba, Sr and Ca are the only neutral soluble salts. 

2. It is acid, turning blue litmus red: this proves the pres- 
ence of an acid, or of a salt with acid reaction. 

3. It is alkaline, turning red litmus blue, or turmeric brown : 
indicating the presence of Am, Na, K, Ba, Sr or Ca as hydrox- 
ide, or of a salt with alkaline reaction. 
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384, Evaporate a few drops of the liquid upon 
platinum foil, thin glass or porcelain, smelling it occasion- 
ally :— ; 

1. A residue is left—Examine the liquid by the further pre- 
liminary tests in 334: or evaporate a portion of the solution to 
dryness in a porcelain dish, avoiding heating the substance after 
it is dry, and examine the residue by the preliminary tables for 
metals and acid radicles (885-417). Examine the larger part of 
the solution for metals by the general table (419), paying 
attention to 420: reserve the rest of the solution for the ex- 
amination for acid radicles by 440 et seq. 


2. No residue is left.—The liquid must consist of some volatile 
substance, probably of water; this is either pure or contains 
certain gases or volatile substances, such as (NH,),CO,, CO,, 
NH,, HCl, Br. These may be detected by their smell, by the 
action of the liquid on litmus paper or by special tests. If the 
liquid has no action on litmus, no smell, leaves no residue on 
evaporation and is tasteless, it is pure water. 


II. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 


385. Carefully note the appearance of the substance. 
If it is lustrous and metallic, refer to 467 for the 
method of analysis; if it is non-metallic in appearance, 
proceed to further examine the substance as follows : 

Note down anything that can be learned about the 
physical properties of the substance by the use of the 
senses, aided by a magnetized penknife blade and a lens 
or microscope. 

Note especially whether the substance consists of more 
or less sparkling particles with similar geometrical shape, 
when it is said to be crystalline ; or whether the particles 
are amorphous and irregular in shape. 

Also test the hardness, by ascertaining whether it is 
readily powdered ; or, if the particles are sufficiently 
large, by finding the ease with which they are scratched 
by the point of a penknife; very hard substances, such 
as quartz, cannot be scratched by a knife.- 

Try whether it is magnetic by immersing the tip of a 
magnetized blade into the finely-powdered substance, and 
seeing whether the particles are attracted; Fe and certain 
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of its compounds are the most powerfully magnetic 
bodies known, but Mn, Ni, Co and certain of their 
compounds are also magnetic. 

Note also whether the substance possesses any char- 
acteristic smell or color. ‘The following are some of 
the more commonly occurring colored compounds ; 


Blue: hydrated cupric salts, and anhydrous cobalt salts. 
Green: certain Fe’ salts are pale green; CuCl,, salts of Ni, 
manganates, and certain compounds of Cr are intense 
reen. 
Yellow : HgO, normal chromates; Fe’’’ salts are brownish 
ellow. 
Red : HgO, HgI,, HgS, Pb,O,; dichromates are orange red. 
Pink: salts of Mn are delicate pink; hydrated salts of Co 
are reddish pink. 
Brown: Fe,O,, PbO,; PbO is light brown. 
Black: CuO, MnO,, Sb,8,, FeS. 
White: anhydrous salts of Cu and Fe’’, and many other 
substances. 
Colorless : a large number of colorless substances are known ; 
these, as well as many of the faintly-colored bodies, 
yield white powders when crushed. 


386. After completing the above examination the 
solid substance is reduced to the finest powder possible 
by rubbing it in the mortar. An ordinary Wedgwood 
mortar may be used for powdering substances which 
are pretty soft; but hard rocks and minerals frequently 
require to be first crushed in a clean, bright steel mortar, 
by blows of a hammer, and to be afterwards pulverized 
in an agate mortar. 

The subsequent chemical examination of the sub- 
stance is very greatly facilitated by carefully reducing 
it to an impalpable powder, which does not feel gritty 
when rubbed beneath the pestle or between the fingers, 


387, A portion of this powder is submitted to the 
tests described in the following preliminary examina- 
tions for metals and acid radicles, the remainder being 
reserved for the fuller method of examination by solution 
(418 et seq.). 


226 PRELIMINARY EXAMINATION. 


Experiment. Observation. 


388. Exp. I.—Heat asmall 
quantity of the substance 
in a small test-tube or 
piece of hard glass tub- 
ing drawn off at one end. 


A. The substance does not change. 


B. The substance changes. 
1. It changes color :— 


Yellow, hot. | white, cold, 
Yellow, brown ‘* | yellow ‘* 
Yel/ow-brown “ | yellow ‘* 


Dark red or) «¢ | red- az 
black \ brown 

The substance blackens— 

a. Emitting a smell of burning. 
The black carbon may be 
burnt off by strongly heating 
on platinum foil with the 
blowpipe flame. 


Smell of acetone. 
Smell of burning sugar. 

b. Emitting no smell of burning. 
The color is not removed by 
ignition, as under a. 


2. It fuses, and becomes solid 
again on cooling. 


3. It sublimes. 


Confirmatory.—The _ subli- 
mate is carefully exam- 
ined, if necessary, with 
the aid of a lens. 


White, crystalline (sparkling) subli- 
mate. 

White, non-crystalline sublimate. 

Black sublimate, becomes red when 
rubbed. 


Yeliow sublimate. 


Sublimate of reddish drops, 
which are yellow when cold. 

Violet vapor, cooling to blackish 
crystals. 


889. Confirmatory.—Heat 
another portion of the 
substance, mixed with 
about three times as 
much Na COg in fine dry 
powder and a little KCy 
in a tube closed at one 
end (147). 


Grey mirror, which when rubbed 
with a splinter of wood or a glass 
rod, or when examined by a lens, 
is seen to consist of globules of 


g. 
Blackish brown, shining mirror, and 
smell of garlic; no globules. 


[388, 389. 


Tnference. 


Absence of organic sub- 
stances which black-— 
en and give off asmell | 
of burning; of vola- 


tile substances which — 


sub- 
are 


sublime; of 
stances which 


altered by ignition ; | 


and of water com- 
bined with or ab- 
sorbed by the sub- 
stance, which would 
be evolved as steam 
and form drops on 
the side of the tube. 


ZnO. 
Pbo. 
SnOg or BigO3. 


Fe,03. 


Presence of organic | 


matter, 


An acetate, 

A tartrate. 

Probable presence of 
Co or Cu salts. 


Salts of alkalis or cer- 
tain salts of the alka- 
line earths, 


Compounds of Am, As, | 


Hg ; or free S or I. 
HgCly, AsoOz. 


Probably Am salt. 
HgS. 


ABsSs. ! 
HglI., becomes scarlet 


when rubbed. 


S free or from certain 
polysulphides. 
Presence of I. 


Presence of Hg. 


Presence of As. 
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Experiment. 


little strong KHO solu- 
tion upon some of the 
substance and heat to 
boiling ; or mix some of 
the substance with soda- 
lime in a mortar, and 
moisten and heat, 


391. Confirmatory—Exam- 
ine the drops of water on 
the sides of the tube with 
blue and red _ litmus 


papers. 


} 392. Confirmatory.—Intro- 
duce a burning splinter 
of wood into the tube. 


| 393. Confirmatory.—Intro- 
|} ducea glass rod moistened 
with lime-water into the 
tube. 


$94, Confirmatory.—Intro- 
duce a glass rod or slip of 
paper moistened with 


K,Cr20;. 


| $95. Confirmatory.—Intro- 
} duce a glass rod carrying 
a piece of moist litmus. 


$96. Confirmatory.—Intro- 
duce a glass rod with 
moist starch powder on 
its end. 


Observation. 


90. Confirmatory.—Pour a | NHsg is given off, known by its smell 


and by turning moist red litmus 
paper blue or turmeric paper 
brown; the change in color is 
only a trustworthy indication if it 
occurs very soon, as the NHgin 
laboratory air often causes it to 
occur after a time. 


4, The substance gives off water. 


It fuses first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 


The water is alkaline. 


The water is acid. 


5. Gas or vapor is given off.* 
a. It is without smell. 

It burns more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 


The lime-water does not turn milky, 
but the flame is extinguished (392). 


b. The gas or vapor has q smell. 


Smell of burning 8S. 
The K,Cr.0; turns green: moist 
blue litmus is also reddened by the 


gas. 


Reddish brown nitrous fumes are 
given off, known by their peculiar 
smell, and by not coloring starch 
paste orange red. 


Smell resembling Cl :— 


Yellowish gas, which bleaches moist 
litmus. 


Brown vapor, which colors the 
moist starch powder orange red. 
Violet vapor, which colors starch 
solution blue, 
NH;z is smelt. 
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Inference. 


Presence of NH4. 


Presence of water, ab- 
sorbed or combined. 
Water of crystalliza- 

tion. 


Borax and certain bo- 


rates. alums and 
phosphates. 
Probably NH, com- 
pounds, 

Presence of volatile 
acids: e.g., HNOs, 


HCl, H2S04. 


O from chlorates ni- 
trates, peroxides, etc. ; 
or possibly N20. 

CO, or N. 

CO, from carbonates, 
oxalates, etc. 

N from AmNOz, proba- 
bly. 


SO. from combustion of 
free 8, or from acid 
sulphites, thiosul- 
phates, reduction of 
sulphates or oxidation 
of sulphides. 

Nitrates of heavy met- 
als (e.g. of Pb, Bi, 
Hg, etc.). 


Cl from certain chlo- 
rides. 


Br from certain bro- 
mides, 

I, free or from certain 
iodides, 

NH, or cyanogen com- 
pounds, 


Ls This will usually be shown by effervescence of the substance; if the gas or vapor is 
detected by its color or smell, it can only be found on testing for it specially by 392 and 
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Experiment. 


397, Exp. II.—Dip a mois- 


tened loop of platinum 
wire, which gives no color 
to the Bunsen flame, into 
the substance, and hold 
the loop with the adher- 
ing powder near the top 
of the Bunsen fiame, or 
in the inner blowpipe 
flame. Then moisten 
with a drop of strong 
HCl and heat again. 
Continue the heating 
until no further change 
occurs in the color of the 
flame. 


The flame coloration should 
also be carefully exam- 
ined by means of the 
spectroscope (42). 


Note.—If silicic acid is 
present, the colorations for 
K and Na usually show 
only after ignition of the 
powdered substance with 
powdered CaSO, 


8398, Exp. III.—Heat the 
finely-powdered substance 
inasmall cavity scooped 
in a piece of wood char- 
coal, in the blowpipe 
flame. 


899. Confirmatory.—Detach 
a portion of the cool resi- 
due from the charcoal, 
place it upon a piece of 
red litmus paper, and 
moisten with a drop of 
water. 


PRELIMINARY EXAMINATION 


Observation. 


c. The gas can be ignited, and burns 
at the mouth of the tube with a:— 
Pale yellowish green flame, more or 

less explosive. 


Bright white flame, producing white 
fumes ; the unburnt gas smells of 
garlic. 


Peach-blossom colored flame. 


A. The substance colors the flame : 


1. Intense yellow. 
Examine the flame through 
the indigo prism; a crimson 
color is seen. 


2. Pale violet, crimson through 
the indigo prism. 


3. Yellowish green. 


4, Crimson, same through the 
indigo prism. 


5. Orange red, dingy green 
through the indigo prism. 


6. Bright green. 
A blue color is seen after 
moistening with strong HCl. 


Intense. 


7. Blue Livid. 


B. The substance does not color the 
flame. 


A. The substance decrepitates, or 
crackles. 

B. The substance deflagrates, or 
causes charcoal to burn rapidly. 
c. The substance fuses easily, and 
is absorbed by the charcoal, or 

forms a liquid bead. 
p. An infusible residue is left on the 
charcoal. 


1. The residue is white and very lu- 
minous. 


The paper turns blue, showing the 
residue to be alkaline, 


[897-899. 


Inference. 


probably from 
strongly heated 
NG,NOg. 

PH; probably from a 
hypophosphite. 


| Cy from a cyanide, prob- 


ably from HgCyo. 


Na. 
Presence of K or Sr, or 
th. 


| K. 


Ba probably. 


Sr. 


Ca. 


Cu or B.O3. 
Cu, 


CuCl, CuBr. 
As, Sb, Pb. 


Probable absence of the 
above. | 


NACI and certain other } 
crystalline salts. 

Chlorates, nitrates, 
etc. 

Salts of alkalis and cer- 
tain salts of the alka- 


line earths. 
Probably BaO, Sr0, | 
CaO, Mg0, AleO3, 


ZnO (or SiO). 


BaO, Sr0, CaO, and | 
possibly MgO. 


400-404.] FOR METALS IN COMPLEX SUBSTANCES. 


Experiment. 


400. Confirmatory.—Mois: 
ten the residue on the 
charcoal when cool with 
several drops of Co(NOs)s 
solution, and heat again 
strongly in the outer 

_ blowpipe flame. 


401. Confirmatory.—Heat 

a small quantity of the 
substance in aclear col- 
orless borax bead, first 
in the outer, then in the 
inner blowpipe flame. 


402, Confirmatory.—The 
presence of Mnand Cr 
may be confirmed by 
fusing the substance 
with NagCOz and KNO 3 
on platinum foil. 


03. Conjfirmatory.—Neat 

also some of the sub- 

stance, mixed or covered 

with powdered KCy and 

Na,CO; or KeC,0,, on 

charcoal in the inner 
_ blowpipe flame. 


104, Confirmatory. — De- 
tach several of the glob- 
ules with the point of 
aknife, and strike them 
on the bottom of an in- 
-yerted mortar with the 
pestle ; if they flatten to 
a cake they are mallea- 
ble, if crushed to a pow- 
der they are brittle. Try 
also if a globule, fixed 
on the point of a knife, 
Marks paper. 


Note.—The appearance 
d malleability of one 
uced metal is fre- 
ently much altered by 
} presence of another. 
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Observation. 


A blue residue, the color of which | Ales, 
does not disappear with intense 


heat. 
A pink residue. 


A green residue. 


2. The residue is colored. 
Color of bead : 


In outer flame. 
Green, hot, and 
blue, cold. 
Blue, hot and 

cold. 
Violet, hot, and 
yellow, cold. 
Brown-red, hot : 
yellow, cold. 
Green, hot and 
cold. 
Reddish purple, \ 
hot and cold. 


In inner flame. 

Colorless, or 
red, cold. 

Blue, hot and 
cold 


Grey or opaque. 

Olive green, hot 
and cold. 

Green, hot and 
cold. 

Co: orless, 
and cold. 


Light yellow mass on cooling. 


Blue-green mass on cooling. 


3. The residue is colored or me- 
tallie scales or globules are seen. 
The substance is reduced to the 


metallic state. 


(See 407.) 


a. Without incrustation. 


Brilliant white metal. 


Yellow metal. 


Red scales or globules. 
Grey powder, attracted by a mag- 
netized knife-blade (407). 


b. With incrustation. 


Globules. 
White,malleable, 
not marking 


paper. 
White, brittle. 


White,malleable, 
marking paper. 


White, brittle, 
giving white 
fumes. 

White or none. 
While or none. 


None. 


Incrustation. 
None or very 
slight. 


Orange, hot. 

Ye/low, cold. 

Yellow, hot and 
cold. 


White, close to 
substance. 


Yellow, hot. } 
White, cold. 
Red-brown,easily 
volatilized. 
White, and white 
fumes; smell] 
of garlic. 


hot i 
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Inference. 


and some phos- 
phates, silicates, 
and borates. 

Mg0. 


Zn0. 


oe \ (See 402.) 


Mn. (See 406.) 


Au, Ag, Cu, Pb, Sn, Sb, 
Bi ; [Co, Ni, Fe, Mn, 
form grey powders]. 

Au, Ag, Cu, Co, Ni, 

Fe, Mn. 

Ago 

Au. 
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Experiment. Observation. Inferences. 


405. Expr. IV.—Fuse | On rinsing off the substance, the | Presence of 8, free or 


some of the substance, coin is found to be stained black combined. 
mixed with Na ,COs, on 228). Also, if a drop of HCl be 
charcoal in the inner placed upon the mass, a smell of 


blowpipe flame produced H.S is perceived, and lead-paper Note. — Since this 
from a spirit-lamp;  re- is blackened, reaction serves to 


move the fused mass detect S and sulphur 
when cold, place it on acid radicles, it more 
a bright silver coin, properly belongs to 


moistened with a drop of the preliminary ex- 


water, and let stand for amination for acid 
seyeral minutes, radicles: it is, however, 
best tried here. 


NOTES TO THE PRECEDING PRELIMINARY TABLE. 


406. The green color produced by Mn conceals the light 
yellow due to Cr; on boiling the residue with water it gives a 
pink or purple solution, the color of which is best seen on 
filtering: this color is due to the formation of KMnQ,, and 
shows Mn to be present. On acidifying this solution with HA 
and boiling again for several minutes, the purple color is de- 
stroyed; and on filtering, the yellow color due to Cr is seen: 
the presence of Cr may be further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbA,. 


407. The metal is best separated and examined by detaching 
the mass when cold from the charcoal, and powdering it by 
crushing in a mortar or on a watch glass with a little water, 
letting stand for a short time, and then quickly pouring off the 
water down a glass rod or pestle, which is wetted and pressed 
against its edge; by several times repeating this operation, the 
heavier metallic particles alone are left in the mortar or watch 
glass (40). 


409. Note—When the substance to be examined contains 
several bodies, they frequently more or less mask one another’s 
reactions: thus Co, if mixed with Fe, will give a bead green 
whilst hot and blue when cold, thus resembling Cu, but differing 
in remaining blue in the inner flame: hence the composition 
of many complex mixtures is only roughly indicated by the 
preliminary examination, and must be confirmed and estab- 
lished in the wet way. Many substances, more particularly 
minerals, however, can be completely analyzed by a careful 
preliminary examination. 


410, 411.] OF A COMPLEX SUBSTANCE. 
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PRELIMINARY EXAMINATION FOR ACID 
.  RADICLES. 


410, The substance is required for this examination 
in the state of powder or of strong solution. 

If the substance given for analysis is a solution, part 
of it may be evaporated to dryness: the dry residue is 
then finely powdered and subjected to the following 
tests. If several acid radicles and metals are present, 
the reactions may be more or less perfectly concealed or 
altered; hence failure in obtaining a certain reaction does 
not in all cases necessarily prove the absence of an acid 


radicle. 


Experiment. 


411. Exp. I.—Treat 
some of the sub- 
stance with. dilute 
HCl and note the 
result, then heat 
moderately. 


Dip into the HCl solu- 
tion a strip of tur- 
meric paper. 


Observation. 


Inference. 


One or more of the following 
gases may be evolved :-—. 


A colorless gas without 
smell, which turns milky 
a drop of lime-water on 
the end of a glass rod. 


A gas of suffocating smell, 
which turns a drop of 
K,Cr20, solution green. 


Yellow S is precipitated 
at the same time. 


A gas with fetid odor 
which blackens a drop of 
PbAg solution, or a piece 
of lead paper (416). 


Reddish fumes. 


A yellowish green gas, of 
suffocating smell, which 
bleaches moist litmus 
paper, is evolved :— 

a. In the cold; and also 
evolved on adding HA. 


b. Only when heated. 


A colorless gas, smelling 
of bitter almonds. 


On dfying this paper at a 


gentle heat, it becomes 
reddish brown. 


CO from a carbonate, 


SO, from a _ sulphite, or 
from a sulphate in the 
presence of AseQg or other 
reducing substance. 

SO, and § from a thio- 
sulphate. 


HS from a sulphide; or 
possibly from a sulphite 
or thiosulphate, if Zn or 
other reducing agent be 
present. 


N.03 from a nitrite. 


Cl from hypochlorites. 

Cl from action of HCl on 
oxidizing substances: e. g., 
Mn0O., chromates,  ni- 
trates, chlorates, &c. 


HCy from a cyanide. 


Presence of a borate (283). 
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Experiment. 


412. Expr. I1.—Heat 
another portion geutly 
with strong H»SO,. 

No attention need be 
paid to gases evolved in 
Exp. I. (411). 


Confirmatory —Mix some 
of the substance with 
MnO, free from chlo- 
ride, add strong HeSO4 
and warm, 


413, Confirmatory —Drop 
into the hot liquid a few 
small pieces of copper. 
If no brown fumes are 

seen proceed to 414. 


414, Confirmatory.—Boil 
some of the substance 
with water, or take some 
of the solution if a 
liquid; cool, add about 
twice as much strong 
H.S04, cool, and pour 
cold solution of FeSO, 
carefully in upon the 
top of the acid liquid. 


PRELIMINARY EXAMINATION 


Observation. 


1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgNO, solution made 
acid with HNOs. 


A yellow gas is given 
off with strong smell 
which bleaches moist 
litmus paper (417). 

Brown vapor is given 
off which colors a little 
moist starch powder 
orange red... 

Violet vapor is given 
off, which colors a drop 
of starch paste blue. 


2. A heavy fuming suffo- 
cating gas is evolved, 
and the liquid behaves 
as if the glass were 
greasy , on rinsing out 
the tube, and drying 
it thoroughly, the in- 
side is seen to be 
corroded and dimmed, 


. The acid fumes are 
reddish, usually seen 
only on heating after 
adding a few fragments 
of Cu. 


A dark brown ring or 
layer forms upon the 
surface of the acid, 
best obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in cold water. 


4. The acid is colored 
reddish yellow, and a 
yellow gas is evolved 
which smells like Cl 
and bleaches litmus, 
on heating the acid 
explosion or crackling 
occurs. Confirm by 
252. 


5 The substance changes 
from yellow to green, O 
being evolved, as is 
shown by a glowing 
taper. 


eas ata a fe 


[412-414. 


Inference. 


HCl, HBr, HI, HF* from 
chloride, bromide, 
iodide, or fluoride. 


Probably Cl from a 
chloride. 


Br from a bromide. 


I from an iodide. 


HF from a fluoride: con- 
firm by 296. 

The HF acting upon the 
silica of the glass evolves 
SiF,, which is detected 
by holding a moistened 
glass rod in the gas, SiO, 
is deposited as a gela- 
tinous film upon it. 


Presence of nitrate. 

If iodide is present it 
must usually be separated 
byCu,SO,4 (266) before a 
nitrate can be detected. 


F 


Presence of a nitrate. 


Presence of a chlorate. 
For detection of a ni- 


trate and chlorate when 
mixed, see 256, 


Presence of a chromate. 


*H¥F would render the drop milky by depositing SiO. from SiF4, formed by 


its action on the glass, but it is distinguished by corroding the glass. 


412, 2, note.) 


(See 
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Observation. Inference. 


6. Yellowish green gas, | Cl from a hypochlorite 
with suffocating smell, (detected already in 411), 


which bleaches moist | or from a chloride in 
litmus. presence of MnOs, &c. 


7. The same gas as in 6, 
but colored reddish | A chloride in presence of 
brown by nitrous fumes: | a nitrate or nitrite. 
or colored — reddish | A chloride in presence of 
brown by CrOCle. a chromate, 


8. Substance does not 
blacken, but evolves CO 
which burns with a blue 
flame, and CO, which 
turns adrop of lime- 
water milky. Presence of an oxalate. 


9 Substance blackens, 
and SOz is smelt. Presence of a tartrate. 


10. A smell of acetic acid = 
or vinegar is noticed. HA from an acetate. 


415. Confirmatory.—Add 
a little alcohol to the 


substance and heat | Strong fragrant odor. Ethyl acetate from an 
with H,S0x. acetate, 


NOTES ON THE PRECEDING TABLE. 


416. The S present in sulphides which are not decomposed 
by dilute HCl is detected by fusing the powdered substance 
with two or three times as much fusion mixture (Na,CO, + 
K,CO,) in a covered crucible, boiling with a little water, and 
placing a drop upon a bright silver coin, when a dark stain 
will be produced; or by adding excess of an acid to the solu- 
tion, when H.S will be evolved. Smaller quantities of S may 
by detected by the formation of a black color or precipitate 
on adding PbA, to the solution of the fused mass. 


417. Chlorides treated in this manner evolve Cl, recognized 
by its color, smell, and bleaching action on litmus paper; but 
this test for chlorides is trustworthy only if the precautions 
stated in 259 are attended to, since many samples of MnO, 
evolve Cl when warmed with H,SQ,. 
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EXAMINATION FOR METALS. 


The preliminary examination of the solid substance 
must be followed by preparing a solution of it, and sub- 
mitting this to the more full and systematic examination, 
which commences in 419. ‘This is often termed “ The 
Examination in the Wet Way.” 


PROCESS OF SOLUTION. 


418, A portion of the solid, reduced to an impalpable 
powder (386), is boiled in a flask or boiling tube with 
distilled water: if it dissolves entirely, proceed to 419, 

If the powder does not dissolve, allow the liquid to 
stand until the undissolved portion has in great part 
settled, then decant through a filter : the filtrate is Solu- 
tion I, :— 


Residue in flask: boil with dilute HCl (418a), allow any residue to settle, 
decant through the filter used above (418b); repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter :-— 
Filtrate is Residue: heat with dilute, then with strong HNOg (418e), 

as was directed ubove for HCl; decant through the 
filter :— 


Filtrate is Residue may be warmed for a short time 


with a mixture of strong HNOs (386a) 
with three times as much HCl; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter :— 


Filtrate is Residue : wash well with 
water, dry, and examine 
as directed (475 et seq.) 
for substances insoluble 

Solution II. Solution ITI. Solution IV. in water and acids. 


Solutions I., IJ., III., IV. need not be examined 
separately. Add to I a few drops of dilute HNO,, and if 
no precipitate is produced (420), acidify it with HCl, add 
also to Solution IIT. some HCI: any precipitate caused 
by HCl in these solutions is filtered off and examined 
by Table I. The Solutions I., II., I1I., IV. are then 
mixed together, and any precipitate produced by mixing 
them is examined by 475 as an insoluble substance. 
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It is best to boil down Solutions III. and IV. consid- 
erably, in order to get rid of most of the HNO, which: 
they contain, before mixing them with I. and Il. The 
solution is then examined by 419. 


NOTES ON THE PROCESS OF SOLUTION. 


418. Any changes which occur on the addition of 
HCI should be noted down. Notice especially whether 
any gases are given off: many of these may be recognized 
by their smell, but a closer examination of them may be 
neglected, as they will have been already obtained in 
the preliminary examination for acid radicles (411). If 
the gases come off from the aqueous solution on adding 
HCl, or on mixing the HCl and aqueous solutions, they 
must have been present in salts soluble in water, prob- 
ably salts of alkali metals ; if they are evolved on treat- 
ing the residue insoluble in water with HCl, they were 
present as salts insoluble in water. 

4184. On cooling the hot HCl solution crystals often 
separate ; these usually consist of PbCl,, rarely of BaCl,: 
BaCl, will, however, dissolve easily on the addition of 
water. The crystals are filtered off and dissolved in a 
little boiling water; Ba is easily found by trying the 
flame coloration given by the solution, and if on addition 
of K,CrO, to the solution a bright yellow precipitate 
forms, the presence of Pb is proved. 

If Pb has been found and a residue is left after treat- 
ment with HCl, this residue, which may consist of PbCl,, 
may often be dissolved by boiling it with water, the use 
of HNO, being thus avoided. 

418c. HNO, seldom requires to be used in dissolving 
a substance, and it should be employed only in very 
small quantity, since in the course of analysis it decom— 
poses H,S with separation of S, unless the solution is 
dilute and cold (423), and thus hinders the precipitation 
of Group II. 

If a complex solid mixture is given for analysis, and the only 
object is to obtain a solution as rapidly as possible, the sub- 
stance may be at once boiled with aqua regia for a few minutes, 
then diluted and filtered: the residue is examined as a sub- 
stance insoluble in water and acids (475 et seq.): the filtrate is 


evaporated nearly to dryness, dilute HCl is added, and the so- 
lution is examined by the General Table (419). 


These lines 
run across 


both pages. May 
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419, GENERAL TABLE FOR SEPARATION OF 


Tf the substance for analysis is a liquid with neutral or alkaline r 
be at once examined as directed below. 

In this table, and also inthe Group Tables which follow, it has bee 
absent, no precipitate will be produced when the reagent is added fo 


[419. 


then treated as a filtrate. 


Add to the greater part of the ‘original solution”* HCl; if any precipitate is produc 


The precipitate may con- 
tain— 
PbCl.—white. 


AgCl—white. 


HgeCly—white. 
(See 422.) 


Examine the precipitate 
by Table I. (433). 


Note.—When the hot HCl 

solution is cooled, PbUly 
often separates in white 
crystals. The absence of 
Pb is not proved, if it is 
not precipitated in this 
group,as PbCl, issomewhat 
soluble, and Pb may there- 
fore be found only in 
Group II. 


The filtrate or solution, which must give no further precipi 
then diluted with water (425), unless it is already dilute 


several minutes (426, 426u) and filtered : 


The precipitate may con-| The solution or filtrate is 


tain— 

Higs— black. Insoluble 
PbS—black. in KHO 
BigS;—black ns oie 
CuS—black. aati 
CdS—yellow. an 
SnS—brown. 

SnS.—yellow. Soluble 
SboS3—orange. in KHO 
As)S3—yellow. and in 
AueS3—black.] | AmbeS. 
PtSg—black. ] 


Examine the precipitate at 
once by Table II. (435). 


Note 1.—Any precipitate 
formed on boiling the 
filtrate will have to be 
added to the above. 


Note 2.—Uniless the liquid 

has been sufficiently di- 
luted some of the above 
metals may be afterwards 
precipitated by Am,S in 
Group III., and cause 
much confusion. 


NOTES ON THE GENERAL TABLE. 


420. If the liquid under examination is alkaline or neutral 
in reaction, before commencing the examination by the general 
table, HNO, must be added in slight excess ; if no precipitate 
forms, proceed at once to examine the liquid by the General 


Table; if a precipitate is produced, more 


* By the “ original solution ” is meant the solution of the substance 
ifasolid or the substance itself if aliquid, to which no reagent has 


been added. 


NO, is to be added, 


cipitated: as soon as f 
dish until it ceases to sm 
and the residue gently igni 
heated, then water is addi 


Add a few drops of the a 
tate shows the presence @, 


Add to the rest of the HCl so 
any precipitate which 
(429): if a phosphate 
phates are absent, proceed 


[ Note.—Refer 


The precipitate may contain 


Al,Hog—almost colorless. 
CroHog—light green. 
Fe.Hog—reddish brown. 


Examine _ the _ precipitate 
Table III. (436). 
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METALS INTO GROUPS BY GROUP REAGENTS, 


action, it requires special treatment (420); if its reaction is acid, it 


supposed that all metals are present: if a metal or group of metals is 
its detection ; and hence no filtration is necessary, the solution being 


continue to add HCl as long as it causes any further precipitate (421), warm and filter: 


tate on addition of several drops of HCl, is boiled down, if necessary (423), and is 
it is then saturated with H,S by passing the gas through the solution* (534) for 


luted and H,S is passed again into it, to make sure that Group II. is completely pre- 
produces no further precipitate the clear solution or filtrate is boiled in a porcelain 
of HS (427), a little strong HNO; is then added, and the liquid is evaporated to dryness 
in the dish. When the dish is cool, a little strong HCl is poured upon the residue and 
any undissolved residue is filtered off (428). 


solution to some AmHMo0, solution in a test-tube, and warm gently ; a yellow precipi- 
phosphate ; if no precipitate is formed with AmHMo00,, phosphates are absent. 


tion AmCl, heat it to boiling, then add AmHO in excess, boil again and filter off 

form as quickly as possible, keeping the funnel closely covered with a glass plate 

preg and a precipitate is produced by AmHO, refer to Table III.p (466); if phos- 
directed below :— 


463 et seq. for full directions for precipitating Groups III.a and III... ] 


Add to the filtrate or solution, which may be colored (430), Am,S in excess, boil and 
filter :— 


The precipitate may contain— Add to the filtrate or solution, which must be dis- 
tinctly yellow or brown (431), Am2CO3, warm gently 
ZnS—white. and filter :-— 
MnS—light pink. 
CoS—black, 


NiS—black. The precipitate (432) may | The filtrate may contain 
contain— Mg, K, Na. 


Examine this precipitate at once 


BaCO,—white, 
ee Or SrC0,-—thite. Examine by Table V. 


CaCOz3—white. (439). 


Examine the precipitate by 
Table IV. (438). 


and the liquid heated; should a precipitate still remain, it is 
filtered off and the filtrate examined by the General Table, com- 
mencing with the addition of HCl. 

The precipitate caused and not dissolved by HNO, may be 
finely-divided sulphur, separated as a white powder from a sul- 
phide, or yellow from a thiosulphate;f this precipitate 
is recognized by its color, and by not being separa- 
ble by standing or filtration; it may be disregarded; 


* Instead of diluting and passing the gas, H.S solution may be added. 
+ Formerly called a “ hyposulphite.” 
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there may also be precipitated H,SiO, (gelatinous, almost 
colorless), SnO, or metastannic acid (see 420a), Sb,O5, AgCl (all 
three white), SnS,, As,S, (both yellow), Sb,S, (orange). Hence 
a full examination of this precipitate for all that it may contain 
will involve boiling the precipitate with aqua regia, diluting 
and filtering; the insoluble residue is examined as a substance 
insoluble in water and acids (475) and the aqua regia solution 
is added to the filtrate from the precipitate caused by HNO,, 
any precipitate caused on thus mixing the solutions being ex- 
amined by Table I. (433). 

420a. Metastannic acid is precipitated from a solution of an 
alkaline metastannate by addition of an acid: it forms a white 

recipitate which becomes golden yellow when moistened with 
gnc, solution; it is further recognized by dissolving in the 
washing water whilst being washed, and being reprecipitated 
when the washings run into the acid filtrate. 

421, Even if HCl has been used in dissolving the substance, 
it is advisable to add a few drops of the acid to make sure that 
no member of Group I. remains. 

422. It must be remembered that strong HCl also precipi- 
tates a strong solution of a barium salt; this precipitate, how- 
ever, disappears, as PbCl, does, on adding water and heating, 
thus differing from AgCl and Hg,Cl,. 

423. If HNO, or aqua regia has been used in dissolving the 
substance, or if the solution smells of Cl or SO,, it should be 
boiled down considerably until, after adding HCl and boiling, 
neither of the above gases is smelt; it is then diluted, and H,S 
is passed at once whether the dilution has caused a precipitate 
or not. 

If As has been detected in the preliminary examination, 
H,SO, should be added until the liquid smells of SO, after hav- 
ing been boiled for a short time: the liquid is then heated for 
some time short of boiling until it no longer smells of SO,. 
This treatment reduces arsenic and stannic compounds to the 
arsenious and stannous condition. 

In the case of As this reduction is to be recommended, since 
arsenic compounds are not easily precipitated by H,S; itis also 
very desirable to reduce stannic compounds, since Sn§,, unlike 
SnS, readily runs through the filter, and being yellow in color 
may be mistaken for S. It will, of course, be necessary to ascer- 
tain by special tests (187-190 and 201-203) made on the original 
solution, in which state As and Sn were originally present. If 
any precipitate is produced by boiling with H,SO, other than 
white sulphur, refer to 424. 

424, While boiling with H,SO, some H,SO, is usually formed, 
which may partially or completely precipitate Pb, Ba, Sr as 
white sulphates ; H,SO, will also possibly precipitate Au, which 
causes the cool liquid to appear blue by transmitted and red by 
reflected light, and on boiling separates as a black powder. 
Examine any precipitate formed by H,SO, by Table G (484). 
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425. On addition of water, Bi, Sb, Sn may give white pre- 
cipitates of their oxychlorides ; these precipitates may be dis- 
regarded, since H,S readily converts them into sulphides. 

426. H,S often causes a fine white precipitate of S, owing to 
the presence of certain oxidizing substances, such as Cl, HNO,, 
HCIO,, H,CrO,, H,MnO, HMnO,, H,SO,, Fe,Cl. This pre- 
cipitate is known by its perfect whiteness, and by not being 
separable by standing or filtration; it may be neglected. Great 
care must, however, be taken not to mistake Sn8, for S; it re- 
sembles S in running through filter paper, but is distinctly 
ai in color; it may often be coagulated by being shaken or 
heated. 

4260. Certain changes may be observed whilst H,S is being 
passed; they should be carefully noted. Thus Pb and Hg dur- 
ing precipitation by H.S often show characteristic colors (149, 
144); a solution colored reddish yellow by H,CrO, becomes 
green; and a solution colored green by H,MnQ, or purple by 
HMn0O, becomes colorless. 

427, If on boiling the filtrate or solution after passing HS a 
yellow precipitate forms, this shows the presence of an arsenic or 
a stannic compound ; in this case pass H,S into the boiling liquid 
as long as it causes any further precipitate, or proceed as is 
directed in the latter part of 423; filter off and add this pre- 
cipitate to any precipitate already obtained by H,S to be ex- 
amined by Table II. 

428. SiO, and other substances may be present in this residue. 

SiO, is distinguished by readily dissolving in hot KHO solu- 
tion. 

Al,O;, Fe,O,, Cr,O, may remain undissolved by HCl, if they 
have been rendered difficultly soluble by the ignition to which 
the residue has been subjected; they may be dissolved by long 
continued heating with strong HCl; the solution is added to 
the other solution, which is to be examined for Group III.A. 

BaSO,, SrSO, may also remain undissolved; they are detected 
by heating some of the residue strongly for a short time in 
the inner blowpipe flame upon a loop of platinum wire, then 
moistening the loop with a drop of strong HCl and holding it 
in the outer part of the Bunsen flame; crimson red flashes, 
appearing red through the indigo prism, prove the presence of 
Sr, a yellowish green flame coloration shows Ba. These flame 
colorations should also be examined by the spectroscope (42). 

The following is a less rapid method of detecting Ba and Sr: 
Dry the insoluble residue, fuse it on platinum foil with three 
or four times as much fusion mixture, allow it to cool, then 
boil with water until the mass is disintegrated, filter, wash the 
residue well upon the filter, and examine it by Table IV. (438) 
for Ba and Sr only. 

429. Mn and Zn are liable to be precipitated with Fe,H,O,, 
Al,H,O,, Cr,H,O,. The precipitation of Mn is partly prevented 
by keeping the liquid from exposure to the air after adding 
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AmHO; but the further precaution should be taken of dissoly- 
ing the precipitate produced by AmHO in HCl and reprecipi- 
tating it by AmHO, then filtering and adding the filtrate to 
the original filtrate from the Group III. precipitate; this 
treatment of the precipitate should be repeated several times, 
if small quantities of Zn or Mn have to be looked for in pres- 
sence of Al or Fe; or, better still, Groups IIJ.A and III.B may 
be precipitated together (459) and the precipitate examined 
by Tables III.c (464, 465). See rules given in 468. 


430. The filtrate or solution, after the addition of AmCl and 
AmHO, may be colored blue by Ni, brown by Co, or reddish 
violet by Cr,H,O, dissolved in the excess of AmHO. 

The Cr,H,O, must be removed before proceeding to ex- 
amine for the remaining groups; it is readily separated as a 
pale green flocculent precipitate by boiling the liquid for a 
short time in a porcelain dish, adding a little more AmHO if 
the liquid does not smell of NH, after being boiled for a short 
time; this precipitate is filtered off, and the filtrate is further 
examined for Groups III.B, 1V., and V. by the General Table. 

The colorations due to Ni and Co differ from that caused by 
Cr,H,O, in not being removed by boiling the liquid. 

431. A brown or dark-colored filtrate shows that Ni is pres- 
ent,* some of the NiS precipitated by Am,S having been dis- 
solved in the excess of Am,S and giving the filtrate its dark 
color. If this coloration is noticed, the filtrate should be poured 
into a porcelain dish and boiled, occasionally adding water, if 
necessary, until], on removing the lamp for a short time, the 
black NiS settles, leaving a colorless liquid. The liquid is then 
run through a small filter and the black precipitate is tested 
for Ni by fusing a portion of the filter paper stained by the 
NiS in a colorless ike bead; if a bead is obtained which 
when heated in the outer flame is violet or brown whilst hot and 
yellow when. cold, and which becomes grey or opaque in the inner 
jlame, Ni is certainly present and need not be further tested for 
in Table IIL... 

The colorless filtrate is examined by the General Table for 
Groups IV. and V. 


432. Part of the precipitate produced by Am,CO, often 
adheres firmly to the inside of the vessel in which it has been 
produced ; in this case rinse the tube out several times with 
distilled water and then dissolve the precipitate by pouring in 
some hot HA, causing it to_run over the inside of the tube, and 
add this solution to the HA solution of the Am,CO, precipitate 
made in Table IV. 


*If Groups III.a and JII.B have been precipitated together by 
AmCl, AmHO and Am.S added in succession (459), the brown colora- 
tion of the filtrate may also be due to CreH,O,; on boiling the filtrate 
colored by CrgHeOs in a porcelain dish for several minutes, pale green 
CreHoOs is precipitated, which cannot be mistaken for black NiS. 


433, 434. ] TABLE I.—SILVER GROUP. 
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The precipitate produced by HCI may consist of PbCl,, 
AgCl, and Hg’,Cl,: the precipitate on the filter is washed 
five or six times with boiling water, the first portions of 
the washings being kept apart :— 


The first portions of the 
washings may contain 
PbCl, in solution, which 
if present in any quan- 
tity will be deposited 
in brilliant crystals on 
cooling. 

Test for or confirm the 


Residue: the residue is rinsed into a test-tube 
(33a, f) and boiled with AmHO, then fil- 
tered :— 


Filtrate: add HNO: | Residue on the filter is 


presence of Pb, by add- 
ing to the washings 
K,Cr04: a yellow pre- 
cipitate, readily soluble 
in KHO, shows :— 


Presence of Pb. 


until the liquid is 
acid : a white preci- 
pitate uniting into 
curdy particles 
when shaken or 
boiled shows :— 


Presence of Ag. 


black: dry at a gentle 
heat ; scrape the precipi- 
tate off the filter, mix 
with some dry Na CQOx, 
and heat in a small 
ignition tube (147). 
Globules of Hg are seen 
on the sides of the tube, 


but often only when the 
inside of the tube is 
rubbed with a rod or 
examined with a lens :— 


Presence of Hg’ 
(Mercurosum). 


434, Taste G.—EXAMINATION OF THE PRECIPITATE 
FORMED ON BOILING THE HCl SoLurion witH H,SO,. (See 
par. 424.) 


The precipitate produced by H.SO; may contain Au, PbSOs, BaSO,, and SrS0,; 
the last three substances are perfectly white, and Au, if present, is therefore usually 
seen by coloring the precipitate brown or black ; the Au is also usually visible during 
precipitation by H2S0g, or after the white sulphates have subsided, since it colors the 
liquid blue by transmitted and reddish by reflected light. 

Ba and Sr can often be at once detected, if present, by taking a little of the moist 

' precipitate on a loop of platinum wire, heating in the inner blowpipe flame for some 
time, moistening with HCl, and examining the flame coloration ; but a more trust- 
worthy method of proceeding is the following :— 

Rinse the precipitate into a small porcelain dish, using as little water as possible - 
dissolve in the liquid a small crystal of HyT or add a few drops of strong HA; then 


add AmHO until it is just in excess, and boil for a short time, let stand and decant 
through a filter :— 


Solution may con- 
tain PbSO4; add 
HA in excess, 
then K,Cr0,4; a 
yellow precipi- | Solution: boil until the 
tate soluble in smell of Cl is removed; 
KHO shows :— add several drops of 


Residue: pour upon the residue in the dish a little HCl 
and a few drops of HNOs, heat to boiling, let stand, 
decant into a porcelain dish :— 


Residue: dry by gently 
heating the dish, fuse 
with fusion mixture on 


Presence of Pb. 


22 


fresh FeSO, solution; a 
blue coloration and red- 
dish precipitate show :— 


Presence of Au. 


platinum foil, and ex- 
amine the mass for Ba 
and Sr, as directed in 
the last part of 428. 
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435, TABLE II.—COPPER AND 


The precipitate produced by H,S in the HCl solution, after 
and boiled with KHO orasmall quantity of Am,S,* and 


435a. The residue may contain HgS, PbS, BigS;, CuS, CdS. After having washed the pre- 
cipitate and allowed it to drain, remove it from the filter into a porcelain dish (334), 
pour upon it strong HNOs sufficient to cover it completely, and heat gently as long as any 
red fumes come off, adding more strong HNOs, if necessary, to prevent evaporation to dry- 
ness. Boil off nearly ail the acid, add a little dilute H,SO,4, let stand for some time, 


GROUP IILa—COPPER GROUP. 


stirring occasionally, and filter :— 


Residue may contain HgS | Filtrate may contain Bi, Cu, Cd. 
Add AmHO in excess, boil and filter :— 


(black), PbSO4 (white); but 
if white, the absence of Hg 
is not proved. 

Remove the residue into a 
porcelain dish, using as little 
water as possible ; add a little 


HT, then AmHO in excess, 
boil and filter :— 


Filtrate : 
Add HAin 
excess, then 
K,CrO,, a 
yellow pre- 
cipitate :— 
Presence of 

Pb. 


Residue: dry on 
the filter at a 
gentle heat, 
best in the 
steam oven. 
Scrape the dried 
residue off the 
filter (note 1), 
and heat it, 
mixed with dry 
Na,CO3, in a 
small ignition- 
tube; globules 
of Hg form on 
the sides of the 
tube, which 


Precipitate 


(not 
easily seen in 
dark blue solu- 
tions) : wash 
with hot water, 
dissolve off the 
filter by pouring 
upon it a few 
drops of boiling 
dilute HCl, pour 
this solution 
into a_ large 
quantity of cold 
distilled water ; 
a milkiness ap- 
pearing at once 
or after stirring 
and letting 
stand for some 
time, shows :— 

Presence of Bi. 


Note. A pre- 


Filtrate, if blue, contains Cu: (note 


Residue: dissolve 


become visible 
when rubbed or 
when looked for 
by a lens :— 
Presence of Hg" 
(Mercuricum). 


*If traces of Cu have to be tested for, NagS should be substituted for Am2S, since CuS is 


cipitate produced 
by AmHO must 
always be tested 
as above for Bi, 
since Pb and Hg 
might possibly ap 
pear here as white 
precipitates and be 
mistaken for Bi. 


Note 1.—If the residue is too small to be removed, the portion of the 


paper containing it may be cut up and mixed with Na,CO,. 
precautions requisite in performing this test see 147. 

Note 2.—Another method of detecting Cd in the presence of Cu con 
sists in adding KCy solution to the blue ammoniacal liquid, and pass 
ing H,S; Cd if present falls as yellow sulphide; Cu may then be 

~ tested for in the filtrate, which has been boiled down considerabl 
with excess of HNO,, by adding AmHO in excess, then HA in ex 


cess, and K,FeCy,. 


Note 3.—Unless this precipitate is filtered without delay in a coy: 


2) add HCl until the liquid is acid, © 
then pass H,S to saturation, filter 
and wash quickly, keeping the 
filter covered with a glass plate ; 
rinse the precipitate into a test- 
tube, pour upon it some dilute 
H,.S04, boil and filter through a 
covered filter (note 3) :— 


Filtrate : add 


by pouring a much water 
little —_ boiling and pass HS 
HNO; upon the for some time, — 
filter, add to the or add much 
solution AmHO HS water, a 
in excess, then decade | precipi- 
HA in excess| tate shows :— 
and . few drops | Presence of Ca. 
of FeCyg: a aa 
chocolate - red Note.—If this 
precipitate | precipitate ; 
shows :-—_ dark - colore 
Presence of Ou. CuS is present 


(see note 3) ¢ 
filter it off, boi 


For the 


ered funnel, washed quickly, and examined at once, CuS is liable te 


; 


ARSENIC GROUPS. 
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having been washed with hot water, is removed from the filter 
filtered :— 


GROUP II.s. ARSENIC GROUP. 


The jiltrate may contain As,S3, SheS3, SnS., SnS, [AuoS3, PtS.].. Add to it HCl until it 
is acid, and pass H,S unless the liquid smells strongly; the above sulphides, if 
present, willbe reprecipitated; a mere milkiness due to precipitation of S may be 
disregarded. 

mgs precipitate is filtered off and examined as directed in 435b (see note 4, 
below) :— 

435b. Remove the precipitate from the filter into a porcelain dish, using as little water 
as possible; add a little strong HCl and heat, occasionally dropping in a crystal 
of KCl0s3, until the precipitate dissolves entirely or leaves only a slight residue of 
sulphur. Heat this solution just short of builing (note 5) until it ceases to smell of Cl 
(note 6), then cool it and pour it, through a filter if necessary, into a small flask (181) 
containing pieces of pure Zn: if the gas does not come off readily, add a little strong 
HCi, and cause the gas, after passing through some PbA», solution (see caution 181), to 
bubble through some AgNO 3 solution contained ina broad test-tube. As soon as 
the evolution of gas slackens, drop in more Zn, unless some remains undissolved in 
the flask, and as soon as the gas ceases to come off, some Zn still remaining undis- 
sclved, remove the test-tube containing the AgNOs, solution; if any black precipi- 
tate has formed in this solution it must be examined as below; if the liquid has 
remained clear and colorless it may be rejected, since As and Sb are absent. 


Residue in the flask may consist 
of Sn, (Pt,Au), and excess of 
Zn; remove any deposit of 


To the liquid in the test-tube add several drops of 
AgNO solution, filter :— 


Sn by shaking the pieces of 
Zn well with the liquid and 
quickly pouring off into a 
dish, decant the liquid and 
wash the Sn by decantation 
in the dish: boil the residue 
with a little strong HCl in a 
test-tube, then quickly dilute, 
and decant ; [the residue may 
contain Au, Pt (see 474)]: 
add HgCl, to the solution ; a 


Precipitate: wash well with 
boiling water until HCl 
gives no milkiness with 
the last few drops of the 
washing water, then pour 
upon the filter a little 
boiling dilute H,'l solu- 
tion, boil it and pour it 
again through the filter; 
repeat this several times, 
then add to the solution 


Filtrate: dilute several 
drops of AmHO largely 
in a test-tube and add 
this liquid, drop by 
drop, to the filtrate: a 
light yellow  precipi- 
tate, which settles in 
flocks on shaking the 
liquid, shows :— 


Presence of As. 


white precipitate, becoming HCl and pass HS; an : 
black with AmHO, shows :— orange-red precipitate If H,S has not proved in 
Presence of Sn. shows :— the General Table (427 
whether As’” or As//’/ 
If H.S has not proved in the Presence of Sb. is present, refer to 
general table (427) whether | Note.—This precipitate is 187-190, 


Sn” or Sn’ is present, refer 
to 201-203. 


often only seen on settling 
from the yellow liquid. 


somewhat soluble in Am.S ; but Sn”S and Au,S3 are much more readily soluble in Am,S8. 


be oxidized and to pass into the filtrate as CuSO,; it then discolors 
the CdS precipitate, or may be entirely overlooked if present in small 
quantity. It is well to pour a few drops of H,S water into the funnel 
with each fresh addition of washing water. 

Note 4.—The detection of As, Sb, Sn by the method given in 435b 
is very trustworthy and delicate (208); it is excelled in these re- 
spects by the method in 210. For beginners, however, the process 
209 is recommended by its greater simplicity. 

Note 5.—The solution must not be heated to boiling, else SbCl, or 
SnCl,, if present, might be volatilized. 
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Note 6.—In thissolution As and Sn will be present as stann- 
icum and arsenicum, and in this state they are not well suited 
for detection: the following modification makes their detection 
much more rapid and certain, especially when they are present 
only in small quantity. After warming until the liquid ceases 
to smell of Cl, add H,SO,, drop by drop, until the liquid after 
being warmed for a short time smells of SO,; then heat it short 
of boiling until the smell of SO, is removed, and pour, through 
a filter if necessary, into the hydrogen apparatus. Great care 
must be taken to remove the SO, entirely, else Sb and As may 
remain as sulphides in the hydrogen apparatus. 


436. TABLE III.a.—_IRON GROUP. 


The precipitate produced by boiling, after addition of 
AmC] and of AmHO in excess, may contain Al,Ho,, 
Cr.HO,, Fe,Ho,: the color of the precipitate will usually 
show whether it contains any quantity of Fe,Ho, (red- 
dish brown), or Cr,Ho, (pale green), since Al,Ho, is col- 
orless. 

Dissolve the precipitate in a little boiling dilute HCl 
(33d, e, f), add to the solution pure KHO or NaHO 
until the precipitate remains after stirring, then add 
KHO or NaHO in considerable excess, boil for some 
time and filter : 


2. Precipitate may contain CroHog and FeoHog. 

Dry upon the filter, carefully avoiding charring the 
paper; when sufficiently dried the substance will 
have shrunk considerably into small, hard, dark- 
colored pieces; detach these from the filter and 
fuse them with a little solid NagCog and KNO3 
upon a piece of platinum foil, either supported 
upon a pipe-clay triangle or held in the Bunsen 
flame by crucible tongs. Continue the fusion 


1. Filtrate may contain 
Al,Hog, dissolved in 
excess of NaHo ; if it 
is green CroH0¢ is also 
in solution and must 
be precipitated by fur- 
ther boilingin a porce- 
lain dish and then re- 
moved by filtration. 


Add AmCl solution in 

excess to the color- 
less filtrate: a color- 
less gelatinous pre- 
cipitate shows :— 


Presence of Al. 


Note.—Sodium and 
potassium hydrates are 
very liable to contain 
Al,Hog: the analyst 
must ascertain that 
the Al does not come 
from this source, 


by heating the under surface of the foil in the 
blowpipe flame as long as any frothing occurs, 
then allow to cool; a yellow mass indicates the 
presence of Cr (note 1). Boil the platinum foil 
in a small porcelain dish with water until the sub- 
stance is entirely dissolved or only a dark brown 
powder (Fe,03) remains undissolved ; take out the 
foil, allow the powder to settle, and decant the 
liquid through a filter. 


3. Filtrate will be yellow if 
Cr is present (note 1a). 
Add HA in excess shown 
by the color becoming 
reddish, boil for several 
minutes, then add PbAg 
solution ; a yellow pre- 
cipitate shows :— 
Presence of Cr (note 2). 


4, Residue in porcelain 
dish ; dissolve by pour- 
ing in a little HCl 
and boiling, add some 
water, then a few drops 
of KCyS solution; a 
blood-red coloration 
shows :— 


Presence of Fe (note 3). 
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Note 1.—If Mn was present in the original substance, it is 
often precipitated more or less completely with the Fe, and 
will be detected by imparting to the fused mass a bluish 
green color; this should be noted, as the Mn may possibly be 
entirely precipitated in this group, and will then not be de- 
tected in the next group. 

Note 1a.—The green color, due to the presence of Mn, con- 
ceals the pale yellow color due to Cr; but on dissolving the 
cool mass in water, and boiling with HA, the manganese color- 
ation is destroyed; and, on filtering from any dark-colored 
precipitate, the yellow color due to Cr becomes evident. 

Note 2.—Cr may have been present as a chromic salt, Cr re- 
placing hydrogen in an acid; or as a chromate, Cr being united 
with oxygen to form an acid radicle. Ascertain in which state 
it was present by boiling some of the original substance with 
Na,CO, solution and filtering; a yellow filtrate, which on 
being acidified with HA gives a yellow precipitate with PbA,, 
shows that Cr was present as a chromate; Cr previously com- 
bined with an acid as a chromic salt remains undissolved as 
green Cr,H,O,, and does not color the filtrate; it is found by 
2 in the preceding table. 

Note 3.—Fe is always detected here as a ferric salt, since, 
even if originally present as a ferrous compound, it will have 
been oxidized by boiling the solution with HNO, before pre- 
cipitating Group III.A in the General Table. To ascertain in 
which condition Fe was present, boil some of the original sub- 
stance with HCl, filter if necessary, and divide the solution in- 
to two parts: to one portion add K,Fe,Cyiz, a dark blue pre- 
cipitate shows the presence of Fe’’ (Ferrosum); to another 
portion add KCyS, a blood-red color shows presence of Fe’’’ 
(Ferricum). 


437. TABLE III.s.—ZINC GROUP. 


The precipitate produced by Am,S in the solution, or 
in the filtrate from Group III.a, may contain ZnS, 
MnS, NiS, CoS. The color of the precipitate will usu- 
ally show whether it contains any quantity of NiS or 
CoS, which are black, or consists only of MnS 
(pink) or ZnS(white). 

The presence of Ni will have been indicated by the filtrate 
obtained after boiling with AmHO in the General Table being 
blue in color, and by a dark brown filtrate having been obtained 
after boiling with Am,S. Ifthe black precipitate, obtained by 
boiling the dark brown filtrate from Am,S (481), has also been 
proved by the borax bead to be NiS, the further tests for Ni 
in the following table may be omitted. 

22* 


246 ANALYSIS OF COMPLEX SUBSTANCES. [487. 


: 

Remove the precipitate from the filter with cold dilute ; 
HCl in the way described in par. 33¢; take out the paper — 
and allow the liquid to stand, occasionally stirring it well. 
The precipitate will either dissolve, leaving only white sul- 
hur, in which case the milky liquid may be at once ex- 
amined by 2 (p. 247), or a black residue will be left which 
must be filtered off and examined by 1 (below), the filtrate being 


examined by 2 (p. 247): 


1. The residue is black, and may contain NiS, CoS. 
Examimation by the borax bead. 

Fuse a small quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its color; then fuse the bead for some time in the inner blowpipe 
flame, and again observe its color. Any one of the following observations may be 


made :— 


, 
; 


Blue bead in both flames Brown or yellow bead, A bead which is neither brown 


shows :— when cold after fusing nor blue, but of some inter- 
Presence of Co. it in the outer flame, mediate hue, on cooling 
which becomes grey or from the outer flame, indi- 
Co need not be further opaque in the inner cates the probable presence 
tested for, but if any flame, shows Presence of both Co and Ni. 
doubt exists as to the of Ni, Absence of Co. Examine the remainder of the 
presence of Ni, the Unless mere traces of Co black residue as directed 
rest of the residue have to be tested for, below for Ni and Co, or for 
must be examined as no further examina- Co alone if Ni has been al- 
below. tion need be made. ready detected by 431. 


Further examination of the residue.—Rinse the residue from the filter into a porcelain 
dish, using as little water as possible: pour in a little strong HCl and boil for 
some time, adding occasionally a small crystal of KClOs, until the black residue is 
entirely dissolved or only a small quantity of dark sulphur remains; then boil 
down nearly to dryness, a blue liquid shows presence of Co; dilute with a little 
water, filter, if necessary, into a boiling-tube and pour in KCy solution slowly until 
the precipitate formed at first is just redissolved, boil briskly for several minutes, 
and add much strong Na.Cl,0, or make decidedly alkaline with NaHO and add 
much Br-water; heat nearly to boiling, and allow the liquid to stand at least ten 


minutes, filter :—* é 

Precipitate (black): — wash, Filtrate must be warmed with more Na,Cl,0 or Br- 
and confirm the presence of water, and filtered from any additional precipitate 
Ni by fusing some of the which may form, then evaporated to dryness and 
precipitate, or the paper strong HNO, poured upon the residue as long as 
stained with the precipitate, any frothing is caused ; this is then evaporated just 
in a borax bead in the outer to dryness, the residue dissolved in water, excess of 
and inner blowpipe flames: KHO added to it, and any precipitate filtered off 
a bead yellow when cold, be- and fused into a borax bead, taking the paper 
coming black in the inner stained by the precipitate if the precipitate is not 
flame, shows :— easily removed: a blue bead shows :— 


Presence of Ni. Presence of Co. 


*If this precipitate adheres to the sides of the boiling-tube, it is dis- 
solved, after the liquid has been emptied out, by pouring in a little 
boiling HCl; from this solution the Ni is a an by addition of 


KHO, and the precipitate filtered off and tested by the borax bead for 


Ni. 
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2. The solution or filtrate may contain Zn, Mn. 
Boil in a porcelain dish until it ceases to smell of HS, then drop in a small crystal 


of KClO3, and boil for several minutes. 


After cooling the liquid add pure NuHO 


until after stirring the liquid it turns red litmus paper blue, then add more Nalio, 


stir well and filter: 


Precipitate is white at first, 
but rapidly darkens in the 
air. Fuse a portion of it 
with solid NaCO3; and 
KNO;g on platinum foil; a 
bluish green mass is _ ob- 
tained on cooling, showing: 


Presence of Mn. 
Note.—Mn may have been 
originally present, either  re- 


placing H in an acid, or com- 
bined with O as an_ acid 
radicle. Its presence in an 
acid radicle is indicated by 
the color of the original solu- 
tion, since in the form of 
manganate it is green, and as 


Filtrate: pass HS, a white precipitate forms, often 
somewhat discolored, showing: 
Presence of Zn. 


Note.—From a dilute solution of ZnHo, in NaHO 
the ZnHog is precipitated on boiling; hence after 
adding NaHO, as directed above, the liquid must not 
be boiled, else Zn might be precipitated with the 
MnHog and escape detection. 

But by diluting and boiling the above filtrate it is 
usually possible to cause any ZnHog it holds in solu- 
tion to precipitate, especially if the alkalinity of the 
liquid be somewhat reduced by cautious addition of 
HCl in quantity insufficient to make the liquid acid. 
If this precipitate be separated by pouring the liquid 
through a double filter and then be dissolved off the 
filter and _the sides of the boiling tube by a little 


boiling HA, ZnS may be precipitated perfectly white 


pemeneaeee EB porple; | som this solution by Hs. 


these colors disappear on 
boiling the HCl solution for 


some time, or on passing HS. 


438. TABLE IV.—BARIUM GROUP. 


The precipitate produced by Am,CO; may con- 
tain BaCO,, SrCO, CaCO, : it is to be well washed with 
boiling water. Before dissolving the precipitate off the 
filter much may usually be learnt by an examination of 
the flame coloration yielded by the HCI solution (see 1, 
below). The results thus obtained are afterwards con- 
firmed in the wet way (see 2, below). 


1. Examination by flame coloration.—Take a small 
quantity of the precipitate off the filter upon the end of 
a glass rod, and dissolve it by moving the end of the rod 
about in several drops of HCl ona watch glass ; dip into 
this solution a loop of platinum wire which imparts no 
color to the flame, then hold the loop for some time in 
the Bunsen flame, repeating the process if the coloration 
is not satisfactorily observed at first. Ca will impart to 
the flame a yellowish red color, Sr a ertmson red, Baa 
yellowish green. The red colorations yielded by Ca and 
Sr are distinguished by viewing the flame through the 
indigo prism; the Ca coloration then appears dingy 
green, whilst the Sr coloration still appears crimson ; 


These lines 
run across 
both pages, 


hese lines 
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Ba is usually found by its coloration remaining after the others 
their colorations are apt to interfere with one another : but if at 
certainly present; if a green coloration is visible without using 
should be examined by the spectroscope (42). 

2. Examination in the wet way.—The rest of the precipitate is” 
again boiling the liquid and pouring it once more through the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion (B). To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms, refer to Column I. (below) : if no immediate pre- 
then forms, refer to Column II.; if no precipitate forms even 


I, An immediate precipitate is produced by CaSO, in the cold, showing 
Presence of Ba. 

Portion B must then be tested for Sr and Ca, which may also be pre- 
sent: examine it as directed below:— 

Add K,CrO, solution until the color of the liquid is reddish yellow; 
heat, and filter through a double filter paper, pouring the filtrate 
through the same filter repeatedly, if necessary, until the liquid is quite 
clear; then add to the liquid, which must be orange red in color, 
AmHO until the color changes to pale yellow, then add Am,CO, 
solution :— 


No precipitate forms, A precipitate forms, showing Sr, Ca, or both of 


showing :— them, to be present. Add to the liquid Am,CO, 
Absence of Sr and in excess, filter, reject the filtrate and dissolve 
Ca. the precipitate off the filter in as little boiling 
HA as possible; pour off asmall part (A’) of 
this solution, reserving the larger portion (27). 

To A’ add CaSO, solution and boil :— 


No precipitate forms;— | A precipitate forms: 
Absence of Sr. Presence of Sr. 
Examine portion B’ for | Examine portion B/ | 
Ca, as directed at C, for Ca, as directed at | 
in Column III. C, Column II. 


439, TABLE V.— 

The filtrate remaining after addition to the original solution 
K, Na, and NH,. Since, however, NH, salts have been added 
NH, must be detected by boiling a portion of the original sub- 
gas is evolved, which would be recognized by its smell or its 
unnecessary to test here for NH,, since it will have been already 
examine for Group V., as directed below. 


‘\ 
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have disappeared. When all three metals are present together 
any time a red color is visible through the indigo prism, Sr is 
the prism, the presence of Ba is proved. The flame coloration 


dissolved off the filter by pouring upon it a little boiling HA, 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion (A) of the acid 
the portion A, after it has been cooled by immersing the lower 
tap, add several drops of CaSO, solution ; if an immediate pre- 
 cipitate forms, heat the liquid to boiling, and if a precipitate 
after several minutes, refer to Column IIT. 


Il. A precipitate is not formed at once on III. No precipitate is pro- 
the addition of CaSO,, but appears on duced by CaSO,, even on 
boiling the liquid, showing :— boiling, showing :— 

Absence of Ba and Presence of Sr. Absence of Ba and Sr, and 


; F aq Presence of Ca. 
C. Portion B is then examined for Ca, C. Confirm the presence of 


= Cemmtet below — Ca by making portion B 
Add dilute H,SO, in excess, boil and filter, alkaline with AmHO 
reject the precipitate; add to the filtrate (34), then add Am,C,0, 
several drops more H,SO, and boil; if solution; a white precipi- 

this causes any precipitate, boil and filter, tate forms, showing :— 
and again test the filtrate by addition of 
H,SO, and boiling: repeat this process, 
if necessary. ‘To the clear filtrate, which 
gives no further precipitate on addition 
of H,SO, and boiling, add gradually Note.—If mere traces of Ca 
AmHO until, after mixing the liquid by | have to be tested for, the 
thorough stirring or shaking, it turns red | filter paper used in the anal- 
litmus paper blue, then add Am,C,0, | ysis must first be freed 
solution and warm gently; a white pre- | from any traces of Ca it may 
cipitate, often appearing only after a | contain by wetting it with 
time, shows :— dilute HCl, and then thor- 
oughly washing it with 
Presence of Ca. distilled water, Mi described 

(See note, Column ITI.) in the last par. of 29. 


Presence of Ca. 


POTASSIUM GROUP. 


of all the group reagents in succession may still contain Mg, 
as group reagents, it is useless to test for NH, in this filtrate : 
stance with K HO solution, and ascertaining whether any NH; 
action on moistened red litmus paper. It is, however, usually 
tested for in the preliminary examination (390). Proceed to 
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Evaporate the filtrate from Group IV. to dryness in a 
porcelain dish, scrape out the solid residue and heat it to 
redness upon a piece of platinum foil in the Bunsen 
flame as long as any white fumes are seen to be given off 
on removing the foil for an instant from the flame (note 
1). All NH, compounds are thus entirely removed. If 
any residue remains (note 2), it is to be dissolved by boil- 
ing the foil in a test-tube with a small quantity of water, 
to which several drops of dilute HCl have been added. 
Divide this solution into two parts :— 


EXAMINATION FoR Mg. EXAMINATION FOR K AND Na. 


Before testing for Mg in | In the other portion proceed to test for K and Na 


one portion of this solu- 
tion it is necessary to 
remove from it any traces 
of Ba, Sr or Ca which 
it may possibly contain,* 
and which might else be 
mistaken for Mg. 

Add, therefore, several 
drops of H.SO, to the 
liquid, boil for a short 
time and let stand ; then, 
whether a_ precipitate 
has formed or not, add 
a little AmCl, then 
AmHO in excess, then 
several drops of Am2C204, 
and warm gently ; if any 
precipitate has formed, 
proceed to filter at once 
as quickly as_ possible. 
To the liquid, in which 
the addition of H»)S0,, 
AmCl, AmHO in excess 
and Am ,C,0, causes no 
further precipitate, add 
Na,.HPO,, and if no pre- 
cipitate forms at once, 
warm gently, shake or 
stir the liquid violently 
and let it stand for some 
time: a white crystal- 
line precipitate shows :— 

Presence of Mg. — 


as directed below. The presence of Mg in no 
way interferes with the detection of K and Na, 
and hence if Mg has been detected, its removal 
is unnecessary. 

Flame coloration.—Dip into the solution a loop 
of platinum wire which has been proved not 
to impart any color to the flame. Hold the 
loop in the Bunsen flame; one of the follow- 
ing results will be observed :— 


A bright yellow flame color-| A pale _ violet 
ation, indicating the presence | coloration, ap- 
of Na (note 3). pearing crimson 

Examine this coloration | red through the 
through the indigo prism;]| indigo prism, 
if it appears red, presence | shows:— 


Presence of K, 


of K is proved; if no red 
and absence of Na. 


color is visible, K is probably 
absent or present only in 
very minute quantity. 


It is usual to confirm the results of the examina- 
tion of the flame coloration by pouring the 
remainder of the solution upon a watch glass, 
adding to it several drops of PtCl, (note 4) 
and stirring well for some time; the formation 
of a yellow precipitate shows :— 

Presence of K. 


See 47, and Note 5, page 251. 


Note 1.—If the residue is small in amount, it may be ignited 
in the dish; but this is not to be generally recommended, as 
the porcelain dish is liable to be cracked by the heat, and is also 
difficult to get entirely rid of the NH, salts by heating only in 
porcelain. 

Note 2.—It is not safe to place much reliance upon an ex- 
amination of the foil for the detection of a small quantity of 


* Traces of Ba, Sr, Ca may remain unprecipitated by Am,COs. 
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residue, but it may usually be detected by its producing a 
crackling noise whilst the foil is cooling immediately after its 
removal from the flame. Should there be any doubt, the foil 
must be boiled with water and a drop of HCl, and the solution 
examined for Mg, K and Na, as directed above. 


Note 8.—The examination of this flame coloration by means 
of the spectroscope will naturally suggest itself. ; 
A yellow coloration, more or less intense, will almost always 
be obtained here, since most substances and reagents contain 
small quantities of Na; hence the student must note the in-~ 
tensity of the coloration, and judge from it whether the quantity 
of Na is small or large; he must then enter accordingly, either 

“*nresence of Na” or ‘presence of trace of Na.” 


Note 4.—If iodine is present, PtCl, will produce an intense 
red coloration; hence, if iodine is suspected to be present, be- 
fore adding PtCl, the above solution should be evaporated to 
dryness with a little strong HNO,, the residue dissolved in a 
few drops of dilute HCl and tested with PtCl, for K. This is, 
of course, unnecessary if, before precipitating Group III. in the 
general table, the solution has been evaporated to dryness with 
HNO,. In case of uncertainty, add PtCl, to a drop only of the 
above solution; and if iodine is found to be present, proceed as 
is directed above. 


Note 5.—Mere traces of K and Na may be detected by adding 
PtCl,, and evaporating the liquid to dryness ir a porcelain dish 
upon a water-bath; absolute alcohol is then poured into the 
dish and stirred; any yellow residue shows presence of K, the 
solution giving the pure Na coloration if Na is present. On 
filtering off the yellow residue and washing it with absolute 
alcohol, it will yield the pure K flame coloration. 
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TABLE OF SOLUBILITY. 


A blank signifies that the solubility is unknown or unimportant. 


K. | Na, | Am.| Mg.| Ba. | Sr. Ca. Fe!’. | Fe’. | Al. | Or. | Zn. | Mn.| Ni. | Co. 
Oxide)... 6 4 We] weld ow. | ae [owed ec wea, a. a Pe Pen T fe Soe, cee 
Sulphide . .| w. | w. | w. |w-a.] w. | w. | w-a. am, a |—|]—] a. } @ |amnjamn, 
Chloride . .| w.| w.| w.| w. | w.| w. w. w. w. Wi | O48.) We wow ae 
Iodide ...| w.| w.| w.| w.] w. | w. w. w. w. |—|—|wliw)—]— 
Sulphate . .| w./| w.] w.| w.] i. | i. | w-ami w. w. | w. |w.a./ w.] Ww. | w. | w. 
Nitrate . w. | W.!| w.| w.] wW.] Ww. w. w. w. w.| wW.| W.] W. |] W.] W. 
Phosphate .| w.| w.| w.| a | a. | a a. a. a, a | a | & | @& | a | & 
Carbonate ,.| w.| w.| w.] a. | a. | a. a. a. — |}—|—|/aslasala 
Borate: (ic. Wed We [aw |e] ee] a. a. a a. | Q] @ | @4| @.| aoe 
Arsenite Ws Fes) eld Beth Oy | Be a. a. a. &..| @s -|- 8} | ke | 
Arsenate . We Wr, ae he a. a. a. —{|—|;—|]—] a | a. 
Chromate. .| w. | w.| w.| w. | a. | a. a. _ w. a | a} we] i | a | — 
Fluoride . .| w. | w.| w.| a ja-i.| i a-i. a a —jo—}]—f}—} eye 
Oxalate. . .| w.| w.| w.] a | @ | @ a. a. a. a. vie a. |w-a.| a. | a. 

Hg". | Pb Bi Cu Cd Sb Sn’, | &n’!".| As’. Ag. Hg’ 
Oxide ss a. an, a. a. a. am, a. a.i. | w.am™, an an 
Sulphide . . | amn, | an, an, an, a. am, am, am, an, an an 
Chloride . . w. w.i. | w.b. w. w. | w.b. | w.b. w. w. i ai 
Iodide... a. | w.am,| — — w. — w. w. —_ i an, 
Sulphate . . | w.b. | ai. | w.b. w. w. a. w. w.b. - w.a®. | w.b.a® 
Nitrate... | w.b. | w. | w.b. | w. w. _ —_ w. ce w w.b. 
Phosphate a an, oo a. a. = a. ids = an an, 
Carbonate , a an, a. a, a. — _— — - an an, 
Borate... _ an, a. & | wa | — a. _ _ _ w. 
Arsenite . . a an a. a. _ a. _ _ _ an, an, 
Arsenate . . a. an, —- a. — a. — _ 7 an, an, 
Chromate . . | w-a. | ami. a. Ww. _— a. = = — an, an, 
Fluoride . . Ww. a. — _ — _ — _ _ w. ~ 
Oxalate... a a. a. a a. a. a. w. _ a. a 


The solubility of a compound is denoted by letters: 
w. Signifies soluble in water. 
a. Soluble in acids; the term standing for HCl, HNO, and 
aqua regia. 
a™, Soluble in muriatic or hydrochloric acid. 
a", Soluble in nitric acid. 

a™, Soluble in a mixture of muriatic and nitric acids, or aqua 

regia, but not in either acid separately. 
i. Insoluble in water and acids. 

w.a. Letters thus placed together with a stop between them 
signify that in different states the substance shows the 
different solubilities denoted by the letters. 

w-a. Letters connected by a hyphen indicate that the substance 
is only slightly soluble in the first solvent, and may 
therefore partially fall under the class denoted by the 
second letter. 

w.b. Decomposed niore or less by much water with formation 
of a basic salt which’ is insoluble in water, but soluble 
in acid. 
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EXAMINATION FOR ACID RADICLES. 


InTRODUCTORY REMARKS. 


440. In conducting the examination for acid radicles 
much time and trouble may usually be saved by con- 
sidering which of these radicles can possibly be present. 
The preceding examination will usually have limited this 
number considerably (441), but it may be further re- 
duced by the knowledge already obtained of the metals 
present, and of the solubility of the substance under 
analysis. 

A reference to the Table of Solubility on the preceding 
page will show how this knowledge may be applied. 

Only the most commonly occurring compounds are 
contained in this table ; the solubility of other substances 
may be obtained by reference to Storer’s “ Dictionary of 
Solubilities.” 


The table is thus arranged: in a horizontal line at the 
head are placed the more commonly occurring metals, 
which yield salts or basic oxides ; in the vertical column 
on the left isa list of that portion of the names of the 
compounds thus formed, which corresponds to the acid 
radicle. 


To find the solubility of any compound of one of the 
metals placed at the top of the table, glance down the 
- vertical column which is headed by this element, the 
letter indicating the solubility of the compound will be 
found in a horizontal line with the acid radicle portion of 
the name. Thus to find the solubility of zine sulphate, 
it is only necessary to glance down the vertical column 
with Zn at its head: on a horizontal line with sudphate 
stands the letter w, showing that zinc sulphate is soluble 
in water. 


The way in which this table is used after ascertaining 
23 
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the solubility of a substance under analysis, and detecting 
the metals present in it, may be explained by an example. 
In a substance which was entirely soluble in water, the 
metals found were K, Ba, Ag. A. glance down the 
columns headed by these three metals shows at once 
which acid radicles may be present: all acid radicles 
might be present combined with K, since all its salts are 
soluble in water, but the presence of Ba in a substance 
soluble in water shows that SO, PO,, CO,, BO,, AsO,, 
CrO, and F cannot be present, since these acid radicles 
form compounds with Ba which are insoluble in water : 
Ag excludes in addition S, Cl, Brand I; hence, amongst 
the more commonly occurring acid radicles only NO, 
need be tested for. 

This example shows how much the examination for 
acid radicles nay often be simplified, when the metals 
present in a substance and its solub.tity are known. 


441, Several acid radicles will probably have been 
satisfactorily tested for in the preliminary examination : 
in case their reactions have been interfered with by the 
presence of other substances, the analyst should refer to 
the reactions given in the fourth section and select one 
which will be decisive. 

The examination for metalsalso frequently yields proof 
of the presence of certain acid radicles. Thus on passing 
HS into the HCl solution :— 


A reddish yellow solution, be- 
coming green and depositing 


white sulphur, shows Presence of (CrO,)" 
A green solution, becoming 
colorless, shows Presence of (Mn0,)'"" 


n 
n 


A purple solution “ “ 
A yellow precipitate of As,S,, 

appearing only when the 

liquid is boiled, shows Presence of (AsO,)"’ 
An insoluble residue of SiO,, 

after evaporating to dryness 

the filtrate from the H,S 

group, shows Presence of (SiO,)’’ 


Presence of (Mn0,) 
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And a yellow precipitate ob- 
tained with AmHMo0O, be- 
fore precipitating Group 
III., shows Presence of (PO,)'”’ 
The presence of any of these acid radicles thus detected 
will require no further confirmation. 


Of the acid radicles which remain to be tested for, 
some can be detected by the plan drawn out in 442- 
445; others are most easily found by special tests made 
on the original substance (446-454). 
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GENERAL EXAMINATION FOR ACID RADICLES. 


442. Before employing the liquid tests it is advisable 
to separate from the substance any metals other than K, 
Na, and NH, which it may contain, since some of these 
are liable to be precipitated by the reagents added for 
the detection of the acid radicles. If alkali metals alone 
are present, this separation is unnecessary, since they are 
not precipitated by any of the reagents. 

This separation of the metals may usually be effected 
by boiling a portion of the finely-powdered substance 
with Na,CO, solution, which must be further added to 
the clear solution as long as it causes any precipitate. 
Filter from the precipitated carbonates, and divide the 
clear filtrate into five equal portions. Reserve one of 
these portions in case of accident and a second for ‘the 
tests for organic acid radicles, and acidify the others 
whilst they are hot by addition of HCl, HNO, and HA 
respectively : examine them as is directed below, using a 
separate part for each test. 

Some metals cannot be completely precipitated as car- 
bonates by boiling with Na,CO, solution: the presence 
of these metals in solution is, however, frequently of no 
consequence. If they must be precipitated, addition of 
An,§, or passage of H,S, will usually separate them as 
insoluble sulphides, but the subsequent separation of the 
excess of Am,S or H,S by gently warming the solution 
is troublesome. 

Since the analyst knows at this stage of the analysis — 
what metals are present, it should not be difficult to — 
separate them or to allow for their presence while trying 
the tests for acid radicles. 

The clear, acidified portions of the filtrate obtained 
after boiling with sodium carbonate solution are tested 
by 443, and the further special tests (446-454) are then 
tried if necessary. 
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I. Portion acidified with HCl. Present. 

On addition of BaCl, solution a white precipitate in- 

soluble on boiling (444, 1) . i F : : 
On addition of BaCl, solution, a semi-transparent 

precipitate insoluble on boiling (444, 2) : : 
On addition of AmCl and Am,CO3, a semi trans- (Si03)” 

parent precipitate Sth RE Beat aS) a8 
On addition of FeSO, solution, a dark blue precipitate | (FegCyj9)¥i 
On addition of Fe.Clg solution, a dark blue precipi- 

tate . FeSO, yielding a light blue precipitate 


On addition of FegClg solution, a red coloration 
destroyed by pouring into HgCl, solution 


(SO, wu” 


(SiF)’” 


(FeCyg)¥ 


(CyS)’ 


Il. Portion acidified with HNO3. Refer to 444, 3. Present. 


On addition of AgNOs, a pure white precipitate cv 
easily soluble in AmHO (444, 1) = S ' 

On addition of AgNOs3, a light yellow precipitate, 
with difficulty soluble in AmHO : fe = : 

On addition of AgNOs, a yellow precipitate, almost 
insoluble in AmHo. . ‘ x : ; ‘ 


Refer to 445, 1. 


III. Portion acidified with HA. Present. 


On addition of PbA, solution a or (Cr04)” 


precipitate (445, 2). . 
¥’,* probably. 


inous precipitate ° A 
On addition of CaClga white pulverulent 
precipitate . 2 3 2 3 - S 
On addition of FesCl, a yellowish white pre-} 
cipitate (449, 45v). . : 2 


(C204)’’,* probably. 


On addition of CaClg solution a white gelat- \ 


(PO,)’”,0r (AsO,)’”. 


* F will be readily detected in this precipitate, or, better, in the 
original substance, by 452, (C,04)’’ by 453. 


NoTES ON THE PRECEDING TABLE. 


444, 1. Unless the Na,CO, solution used in preparing the 
solution for these tests was pure, (SO,)’” and (Cl), if detected, 
may have been present only as impurities in the Na,CO,; por- 
tions of the original substance should then be tested by 446 
and 447, 


2. The presence of (SiF,)’’ should be confirmed by adding 
KCI (300), or by evolving HF by strong H,SO, (301); the HF 
is most readily obtained from the BaSif, precipitate. 


3. Should AgNO, yield a black precipitate, this proves the 
presence of a sulphide, or possibly of a thiosulphate; add HNO, 
and boil, the black Ag,S will thus be decomposed, leaving a 
milky liquid, in which any other precipitate is readily seen 
after being coagulated by heating or shaking. 

23* 
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445, 1. It must be remembered that (Cy)’, (FeCy,)”, 
(Fe,Cy,,)" and (CyS) are also precipitated by AgNO,, and 
therefore if these acid radicles have been already found, a pre- 
cipitate produced by AgNO, does not prove the presence of 
(Cl)’, (Br)’ or (1)’, which acid radicles must be specially ex- 
amined for, as is directed below. . 

If chloride, bromide and iodide have all to be tested for, a 
portion of the Na,CO, solution must be examined by 273; or 
the precipitate obtained by AgNO, (448, II.) may be tested by 
273a for Cl, Br, I. If only bromide and iodide have to be tested 
for, use 274. 


2. If a white precipitate of PbSO, is produced here, it may 
be dissolved by warming after the addition of AmHO in excess, 
which will form AmA (151); red basic lead chromate will 
remain if a chromate was present. 


SPECIAL TESTS FOR ACID RADICLES. 


446, Sulphate—A portion of the original substance 
is boiled with HCl, and the decanted or filtered liquid 
is tested with BaCl,: a white precipitate shows the 
presence of SO, 


447, Chloride—A portion of the original substance 
is warmed with HNO.,, the solution decanted or filtered, 
and AgNO, added to it; a perfectly white precipitate, 
easily soluble in warm AmHO, shows the presence of 
chloride. 


448, Cyanide, if present, will have been detected by 
its special test (881) and by the smell of bitter almonds, 
which is given off by the substance after adding H,SO, 
(411), Ascertain in what form cyanogen is present by 
483. 


449, Arsenate.—This acid radicle cannot be present 
unless As was detected during the examination for 
metals ; the presence of (AsO,)’’’ is there rendered prob- 
able by the precipitation of yellow As,S, occurring only 
when the acid liquid saturated with H,S is boiled. If 
As has been found amongst the metals, proceed to test 
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for (AsO,)’"” by adding HCl to a portion of the Na,CO, 
solution (442) until it is acid, then AmCl, AmHO in 
excess, and MgSO,; filter off any precipitate which 
forms on warming and shaking the liquid, and pour a 
few drops of AgNO, solution upon the white precipi- 
tate on the filter ; a change of color to brown shows the 
presence of (AsO,)/”’. 


450. Phosphate.—Boil some of the original substance 
with dilute HNO,, and add a little of the clear solution 
to some AmHMoQ, solution; shake and stir the liquid 
well, and if no precipitate forms, warm very gently; a 
yellow precipitate shows the presence of (PO,)/”’. 

If (AsO,)’’” has been detected (449), this test for (PO,)’” is 
only trustworthy when the yellow precipitate has been obtained 
either in the cold or by employing a very gentle heat. If any 
doubt is felt concerning the presence of (PO,)’’’, boil some of 
the substance with strong HCl, and examine for (PO,)’”’ after 
having entirely separated the (AsO,)’’” by passing H,S into the 
boiling HCl solution. A doubtful precipitate with AmHMoO, 
may be proved to contain phosphate by dissolving it in AmHO, 
adding AmCl and MgSO,, filtering and dropping AgNO, upon 
the precipitate; if phosphate is present, it turns yellow, if ar- 
senate, brown. 

451. Borate——Warm a portion of the substance with 
a little dilute HCl, dip into the solution a strip of tur- 
meric paper and dry it in a steam-oven or at a gentle 
heat; if the slip is reddish brown, and becomes blue- 
black when moistened with AmHO, the presence of 
(BO,)’” is shown. 


452. Huworide.—Pour upon a portion of the pow- 
dered substance strong H,SO,; warm the mixture in a 
leaden or platinum crucible covered with a watch-glass, 
which has been coated with paraffin wax, and has then 
had characters traced through the film with the point 
of a penknife: the characters are etched upon the glass 
(296), showing the presence of F. 

If SiO, is known to be present, the test must be made 
by conducting the gas which is evolved when the sub- 
stance is heated with strong H,SO, into dilute AmHO, 
a a deposit of gelatinous H,SiO, proves the presence 
of F. 
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453. Oxalate——The precipitate produced by CaCl, in 
ILI. (443), or the original substance, if it contains no car- 
bonate, is mixed on a watch-glass with MnO, free from 
carbonate, and with strong H,SO,, and gently warmed: 
CO, is evolved and detected by holding over the bub- 
bles which rise from the mixture a rod moistened with 
lime-water, or by inverting another watch-glass con- 
taining on its under surface a drop of lime-water over 
the glass containing the mixture. 


453a. Tartrate—The presence of T will probably 
have been indicated in the preliminary examination 
(388, 412°9). In order to confirm its presence, any 
metals of Groups I., II. and III. must be separated by 
HS or Am,§; Cal’ is then precipitated from the liquid, 
made just alkaline with AmHO and mixed with a little 
AmCl, by adding excess of CaCl,, shaking well and let- 
ting stand for some time. A precipitate may consist 
of CaT, Ca,(PO,), or CaO. By shaking this precipitate 
with cold KHO solution, CaT is dissolved and may be 
reprecipitated from the solution or filtrate by diluting 
and boiling for some time: the liquid is decanted, and 
the precipitate is then gently warmed with a little very 
dilute AmHO and a crystal of AgNO; a metallic mir- 
ror shows the presence of T. 


454, Sulphide.—Very small quantities of 8 may be 
detected by boiling the substance with KHO for some 
time, and adding to the clear solution alkaline PbA, 
solution, when a black precipitate or coloration will 
appear. 


This concludes the ordinary method of examining a soluble 
substance: the remaining paragraphs of this section treat of 
special processes which are necessary for the analysis of certain 
substances. 
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REMARKS ON THE PRECIPITATION OF 
GROUP III. 


459, In the General Table (419) it is assumed that 
in the absence of (PO,)’”” the two Sub-groups II1.a 
and III.B can be separated from one another by adding 
first AmCl and then excess of AmHO to the solution, 
Group IIT.a alone being thus precipitated, and Group 
III.B being afterwards precipitated by adding Am,S to 
the filtrate. 

It is true that AmCl entirely prevents the precipita- 
tion of Group III.n by AmHO if certain other metals 
are absent and the solution is kept covered from the air; 
but the members of Group ITI.a, if they are present at 
the same time in the solution, are precipitated by AmHO; 
and the presence of AmCl will not prevent Mn and Zn 
from being partially precipitated with them, Mn particu- 
larly showing a tendency to be precipitated with Fe, and 
Zn with Cr. 

Hence, if Mn or Zn be present in small quantity only, 
it may be entirely precipitated in Group III.a. This 
is not a serious matter in the case of Mu, since it is 
readily detected in the ordinary examination of the 
precipitate by Table III.a by yielding a green mass 
on fusion with Na,CO, and KNO,; but Zn may be en- 
tirely passed over, since if it had been precipitated with 
Cr,H,O, its presence would certainly not be detected in 
Table IIT.a. 

The method of dissolving the precipitate obtained in 
Group ITT. several times in HCl and reprecipitating 
it with AmHO to some extent meets this difficulty; 
but it is preferable, whenever a precipitate is produced 
on adding AmCl and AmHO, and traces of Mn and 
more particularly of Zn have to be tested for, to pre- 
cipitate Groups IIT.a and III.z together,. by adding in 
succession AmCl, AmHO and Am,S and boiling. The 
precipitate is then examined by Table III.c (464, 465) 
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for Groups ITI.a and ITTI.8, the filtrate being examined, 
as is directed in the General Table, for,Groups [V. and V. 

It must be understood that if no precipitate is pro- 
duced by AmCl and AmHO, Am,S may be added at 
once; any precipitate which is formed is then examined 
by Table III.8, since in the absence of Group IIT. the 
members of Group ITI.8 are not precipitated by AmHO 
in the presence of AmCI. 


460. The presence of (PO,)'" in the HCZ solution, 
which has to be examined for Groups III., 1V. and V., 
involves no special procedure if AmHO added after 
AmCl produces no precipitate, since the phosphates of 
Groups III. and IV. and of Mg must be absent. If, 
however, on adding AmCl and AmHO a precipitate is 
formed, the directions given at the head of III.p (466) 
must be followed, and the precipitate must be examined 
by that table. 

The reason for this departure from the ordinary course 
of analysis is that, whereas Al, Cr, Ba, Sr, Ca and Mg, 
if present as phosphates, are completely precipitated by 
AmHO, the phosphates of Ni, Co, Mn, Zn and Fe are 
only partially precipitated by AmHO; their metals are, 
however, entirely precipitated by Am,S. The filtrate 
from Am,S is then examined, as is directed in the 
General Table, for Groups IV. and V. 

The principles-on which the method drawn out m 
Table III.p is founded are,— 

1. The insolubility of the phosphates of Al, Fe and 
Cr in HA in the presence of an alkaline acetate, the 
other portions of the precipitate being soluble. 

2. The separation of all the (PO,)’”’, which is in the 
HA solution combined with Ba, Sr, Ca or Mg, by the 
addition of Fe,Cl, in an acetic acid solution. 

The further separation of Al, Fe and Cr phosphates 
is somewhat complicated by the fact that AlPQO, is only 
decomposed by fusion mixture when SiO, is also present, 
and this SiO, has to be removed after the fusion by 
methods which will be intelligible on reference to 292, 
291. 


a 
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461. In obtaining the precipitate for Table III.p, 
the precipitates produced by AmHO and Am,S must be 
filtered and washed separately, since phosphates of Fe, 
Zn, Mn, Ni, and Co are converted by Am,S into sul- 
phides, with formation of ammonium phosphate in solu- 
tion, and this would precipitate Ba, Sr, Ca, Mg as 
phosphates, even if they were not originally present in 
that condition. This precipitation would not only com- 
plicate the process of analysis, but would also render it 
impossible to state whether Ba, Sr, Ca and Mg were 
originally present as phosphates or not. 

The phosphates of Groups III. and IV. and of Mg 
are accordingly first precipitated by AmCl and AmHO, 
then any members of Group IIIB and any remaining 
traces of phosphates of Group III. are precipitated from 
the filtrate by Am,S. The two precipitates are mixed 
and treated with Am,S, which will dissolve away the 
(PO,)’” from the phosphates of Fe, Zn, Mn, Ni, Co, 
leaving the other phosphates undecomposed ; hence, on 
filtering and testing the filtrate with AmCl, AmHO and 
Mg SO,, the formation of a white crystalline precipitate 
indicates the presence of (PO,)’” and indirectly estab- 
lishes the presence in the original precipitate of phosphate 
of some one or more of the metals Fe, Zn, Mn, Ni, Co. 


462. Oxalates, borates, fluorides and silicates of Ba, 
Sr, Ca, Mg would likewise be precipitated by AmHO in 
Group I11.a; but by the evaporation of the HCl solu- 
tion after passing H,S, H,BO, and HF are usually 
volatilized, and H,SiO, becomes insoluble; oxalates are 
also decomposed by a gentle ignition of the solid sub- 
stance remaining after evaporation. 


The best course to be pursued in precipitating and 
examining Group III. will be found in 463. 
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RULES FOR THE PRECIPITATION AND EX- 
AMINATION OF GROUPS IILa. AND IILz 


Refer to 459-462 for the explanation of these rules. 


463. The following rules may be laid down for pre- 
cipitating and detecting members of Groups III. and 
III.B in the HCl solution, a small portion of which has 
been tested for (PO,)’’” by AmH MoO, (419) :-— 


I. If the addition of AmHO after AmCl causes no 
precipitate, showing the absence of Al, Fe, Cr and of 
their phosphates, and of phosphates of Ba, Sr, Ca and 
Mg, Am,S is at once added, the liquid boiled, and any 
precipitate which forms is examined for members of 
Group ITI.8 by Table ITI.B (437) : this course is pur- 
sued whether (PO,)’” is present or absent, since even if 
phosphate is present, metals of Groups III. and TV. and 
Mg are not present as phosphates. 


Il. Zf the addition of AmHO after AmCl causes a pre- 
cipitate, showing the presence of Al, Fe, Or, and (PO,)!”’ 
is not present, the plan of precipitation depends upon the 
object of the analyst. 

If small quantities of Zn need not be tested for, 
the method given in the general table (419) may be 
followed. 

If traces of Zn have to be tested for in the solution, 
add AmCl, then AmHO and Am,S in excess, boil, filter, 
and examine the precipitate by Table III.c, (464) or 
IIT.c, (465). The method described in Table III.c, 
gives trustworthy results, and is to be used for very care- 
ful analysis; the method in Table III.c, is, however, 
much more simple, and is sufficiently accurate for gene- 
ral use. 


IIT. Jf the addition of AmHO after AmCl causes a 
precipitate, and (PO,)'’ is present, the method of pre- 
cipitation to be adopted, together with the table for the 
examination of the group precipitate, will be found in 
466. 
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464, TABLE III.c.—THE SEPARATION OF 
' GROUPS III.a AND IIIB BY BaCoO,. 


The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, 
Co. Rinse it off the filter into a porcelain dish, using 
as little water as possible; add some strong HCl and 
boil, adding at intervals a small crystal of KCI1O, until 
all is dissolved but a small quantity of yellow sulphur. 
Evaporate very nearly to dryness, dilute with a little 
water and pour through a filter, if necessary, into a small 
flask. Cool, pour in a small quantity of BaCO, sus- 
pended in water, cork the flask tightly and shake well ; 
repeat the addition of BaCO, and agitation until the 
precipitate is distinctly whitened by the excess of BaCO,: 
then shake well and allow the flask to stand by corked 
for at least fifteen minutes, occasionally shaking it vigor- 
ously. Let the precipitate subside, filter; wash the pre- 
cipitate with a little cold water, allowing the washings 
to run through into the filtrate, then wash thoroughly, 
rejecting the washing-water : 


1. Precipitate may contain Fe, Al, | 2. Filtrate may contain Zn, Mn, Ni, Co and 
Cr and BaCOs;; dissolve it in as BaClh. Remove Ba by adding to the boiling 
little boiling HCl as _ possible ; liquid boiling dilute H.SO, gradually, until 
remove Ba from the boiling the last few drops produce no further pre- 
solution by adding boiling dilute cipitate in the clear liquid from which the 
H.SO, gradually, ~until after BaSO, has been allowed to settle; filter; 
allowing the precipitate to add pure NaHO in excess to the cold filtrate, 
settle, a few additional drops stir well and filter : 
of acid cause no further pre- 
cipitate aie >» below) ; filter, 
add pure NaHO in excess to the | p,ecinitate may contain Mn, Ni, | Filtrate: pass 
filtrate, boil and filter : bie rinse off the filter into a | H.8,a white 

porcelain dish with as little | precipitate 
water as possible, add some | indicates: 

Precipitate: ex- | Filtrate: ex- strong HCl and boil; evapo- | Presence of 
amine for Fe amine for Al rate nearly to dryness, add Zn. 
and Cr by Col- by Column 1, a little strong solution of 
umn 2, Table Table IIT. NaA to the liquid, pass H,S 
IIL. (436). (436). to saturation, filter : 


Note 1.—The separation of Ba | Precipitate: ex-| Filtrate: add 
may be neglected here, the precip- amine for Ni AmHO in 
itate being at once boiled with and Co ac- e@XCess ; a 
NaHO: in this case much white cording to flesh - color- 
BaCO3 will remain with the FeO, Table III.s, ed ___ precipi- 
after fusion to separate Cr ; it will, Column 1 tate shows : 
however, dissolve with the Fe and (487). Presence of Mn. 
cause no complication. 
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—— 


465. TABLE III.c.—FOR EXAMINATION O] 
These lines 


vunacros Remove the precipitate produced by AmCl, AmHO and Am, 
both pages. nouring in dilute HCl and gently stirring and shaking the liquid 
left, filter (see Note 1): 


Residue, if black, may | Filtrate may contain Al, Fe, Cr, Zn, Mn. Carefully note it 
contain NiS and CoS; of this observation, examine the liquid by Column I. or II. 
examine it as directed 


in Table III.s, Column 1 
(437). I. The liquid is perfectly colorless: Absence of Or. 

Boil the liquid in the dish for a few minutes until it no longer 

smells of H,S, then add a small crystal KCl03 and boil down 

to a small bulk; cool, add NaHO in excess, stir well and 


filter : 

Precipitate may contain Fe, | Filtrate may contain Zn, Al. ) 
Mn. Dry and fuse it on Divide into two equal parts 
platinum foil with Na,CO,| (Note 2). 
and KNO,; a blue-green | Into one portion pass HS: a 
mags shows: white precipitate forms at 

Presence of Mn. once : 
Presence of Zn. 

Boil the foil in a porcelain 
dish with water for some | To the other portion add }| 
time, and if any undis- Am(Cl in excess, and heat; | 
solved residue is left, de- # colorless, flocculent pre- | 
cant the liquid, boil the cipitate : 
residue with HCl, and add Presence of Al. 

KCyS; a blood-red colora- 
tion shows: 
Presence of Fe (Note 3, 436). 


Note 1.—A mere milkiness, due to the separation of sulphur, shows th 
Note 2.—Al and Zn may also be detected without dividing the filtrat 
alkaline; a colorless, flocculent precipitate shows presence of Al: this 
presence of Zn. . 
. 
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GROUPS III.a AND III.s, WHEN MIXED. 


from the filter by opening the filter out inside a porcelain dish, 
take out the filter paper, stir well, and if any black residue is 


color, which is best seen by pouring it into a white porcelain dish, and according to the result 


Il. The liquid has a violet or bright green color: Presence of Or. 


Boil the liquid in the dish until H,S is no longer smelt, drop in a small crystal of KC10; 
and boil down nearly to dryness ; dilute with a little water, pour into a small flask and 
add BaCO; suspended in water gradually whilst constantly shaking the liquid until the 
excess of BaCO; whitens the precipitate, cork the flask and allow it to stand for not less}. 
than fifteen minutes, occasionally shaking it well ; filter, wash first with cold water, letting 
the washings run into the filtrate, then with boiling water, rejecting the washings : 


Precipitate may contain | Filtrate may contain Zn, Mn; boil, and whilst boiling add 
Fe, Al, Cr; examine boiling dilute H,SO, gradually until the last few drops 
it by Column 1, Table cause no further precipitate, filter from BaSO4; cool, add 
TIT.cy (464). ; pure NaHO in excess, stir well and filter : 


Precipitate: dry and_ fuse Filtrate: pass HS; white 


with Na,CO3; and KNO3 on precipitate : 
platinum foil; blue-green Presence of Zn. 
mass : 


Presence of Mn. 


absence of Ni and Co, and does not render filtration necessary. 
by adding to it HCl gradually until it becomes acid, then AmHO until 
filtered off and H.S passed into the filtrate; a white precipitate shows 


These lines 
run across 
both pages. 


[466. 
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TABLE III.p.—FOR EXAMINATION 


466. If (PO,/” is found in the HCl solution in the 
and a precipitate forms on addition of AmCl and excess of 
filtered quickly, and the precipitate is washed well with hot 
tion boiled, then filtered, and the filtrate examined for Groups” 
AmHO and by Am,S are transferred to a porcelain dish and 
on the filter is washed well. ‘The filtrate should be examined ~ 
Ni, Co, one or more, were present as phosphates. 


The residue left after stirring with Am,S may contain Ba, 
and Al, Cr as hydrates. Remove it from the filter and heat 
dissolve it, drop in several small erystals of KCIO,, and 
(Note 1); then add a solution of HA and NaA (552, 84) as | 


Heat gently, and filter while hot: 


Filtrate: Add FesCl, (Note 2), drop by drop, as long asa precipitate forms, and until the} 
liquid, after being well stirred or shaken, remains reddish: addition of FeoClg in 
large excess must be carefully avoided. Warm gently for some time, filter whilst hof, 
and wash with hot water: 


Filtrate: Add AmCl, AmHO (Note 3), and Am,S; filter : 
Precipitate : con | 
taining FePO, 


Filtrate: Add Am2COs3: filter : Preciplicte: — exatitue 


by Table _ IIL.c. 
(464, 465) for Zu, 
Mn, Ni, Co, also for 
Al and Cr. 


Filtrate: may contain 
Mg; after remov- 
ing any traces of 


Precipitate may con- 
tain BaC0s3, SrC0z, 
CaCO3. Examine 


this precipitate by 
Table TV. (438). 


Ba, Sr, Ca, if found 


in this  precipi- 
tate, were present 
in the solution as 
phosphates. 


Ba, Sr, Ca (Table 
439, Column I.) add 
NasHPO,, warm 
and shake well; 
white crystalline 
precipitate : 

Presence of Mg as 


T 


est a portion of the 
original solution, or 
the solution of the 
substance in HCl, for 
Fe” and Fe’, accord- 
ing to Note 3 (4386). 


phosphate. 


Note 1.—An insoluble residue here may contain SrSO, and BaSO, 
here, were present originally as phosphates. 

Note 2.—A few drops of Fe,Cl, may be added to a small part only 
may be examined at once for Groups ITI. and IV. and for Mg, without 

Note 3.—Since this filtrate has to be tested for Groups III.A and 
together and analyzing the precipitate by Table III.c, or by precipi 
by Am,§, and examining the precipitates by Tables III.a and IIL.2 

Note 4.—Since CrP, is rarely pipe this precipitate may gener 
will be in solution, and is detected by adding AmCl in excess, whick 
is detected by dissolving in HCl and adding KCyS. 
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OF PHOSPHATES IN GROUP III. 


General Table (419) after precipitating Groups I. and IL, 
AmHO, the liquid containing the precipitate is gently heated, 
water. ‘To the filtrate Am,S is added in excess and the solu- 
IV. and V. (419, 431). The two precipitates yielded by 
stirred well with a little Am,S, then filtered, and the residue 
for (PO,)’”” by adding MgSO,; if this is present, Fe, Zn, Mn, 


Sr, Ca, Mg as phosphates; Fe, Zn, Mn, Ni, Co as sulphides; 
it with dilute HCl in a porcelain dish. If this does not 
evaporate very nearly to dryness. Filter off S if necessary 
long as any precipitate is produced. 


Precipitate may consist of FePO,, AIPO,, CrPO, (Note 4). Dry the precipitate on the 
filter, and fuse it for a short time in a platinum crucible or on platinum foil with a 
mixture of finely-powdered SiOz, Na,CO3, and KNOs. When cold dissolve by boiling 
with a little distilled water, add Am,CO;; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 


. 4 HA | Precipitate may contain H,Si0, Fe and Al as silicates, and 

pores _ hi Fe,Ho,. Acidify with HCl, evaporate to dryness, and heat the 
tion is acid, boil dry residue gently. Warm with a few drops of strong HCl, add 
fase @inrt ‘time, hot water, and filter: 


then add PbAg; |— 3 -hOCO SSS oaq—"—"1 

yellow precipi- | “. : , : , Pai het 

tate of PbCr0,: sah add pure NaHO in excess, boil and ss is SiO, 
Presence of Or as : LAID hist 2 


: —_ —_—_—_——_—_____________] _ neglected. 
"oa oes Filtrate: add AmC) in | Precipitate is brown 


Wes ; excess, boil: white. Fe Hog: dissolve by 

i recigltaie we gelatinous precipi- boiling with HCl, 
addition of PbAg tate : and add KCyS: 
may be disre- Presence of Al as blood-red coloration : 


Presence of Fe as 
garded. phosphate. Ghomnbnia. 


and must be examined by the latter part of 428: Ba or Sr, if found 


of the filtrate and heated; if it causes no precipitate, the other portion 
adding Fe,Cl,. 

III.8, it may be examined either by adding AmCl, AmHO and Am,S 
tating Groups III. and ITI.B separately by AmCl] and AmHO and 
(436, 437). 

ally be tested by boiling with excess of NaHO, and filtering; AlPO, 
gives a gelatinous precipitate; Fe,Ho, remains as a precipitate and 
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ANALYSIS OF METALS AND ALLOYS. 


467. The metal is first reduced to powder, filings or 
thin turnings or shavings. After making the following 
preliminary examination (468), either of the two methods 
described in 470, 471 may be adopted. 

The first method should be employed for the examina- 
tion of a metal or alloy of unknown composition, since 
all metals, even when present in small quantity only, 
may thus be detected. 

In making the solution by the second method, Sn, Sb, 
Au and Pt are left undissolved, all other metals passing 
into solution; it is not, however, to be recommended as 
a general process for examination of metals and alloys, 
since the following complications are apt to occur: 

If As is present with Sn, a part or the whole of the 
As may remain in the residue; Pt, if present with a 
sufficient quantity of Ag, may pass entirely into solution ; 
and Sb will always partly dissolve. The process, how- 
ever, is useful in cases where an alloy, known to contain 
a large proportion of Sn or Sb, has to be examined for 
other metals, since these are dissolved away at once from 
the bulk of the Sn or Sb, but care must be taken that 
As is not passed over in the presence of Sn. 


PRELIMINARY EXAMINATION, 


468. Note the color of the substance and also any 
smell that may be given off when it is rubbed with the 
hand; also whether it is crystalline or not, and if it is 
attracted by a magnet (Fe, Ni, Co, etc.). 

Note also the hardness of the metal, by seeing if it can 
be scratched or cut by a steel knife; also whether on 
being struck smartly with a hammer it breaks to powder 
(brittle) or flattens out (malleable); then try the follow- 
ing experiments with separate small portions of the 
substance: 

I. Heat with Na,CO, on charcoal in the inner blowpipe 

flame (403, 404, 405). 
II. Fuse into a colorless borax bead (401). 
III. Try the flame coloration (397). 


469,470.] EXAMINATION OF A METAL OR ALLOY, 


IV. Heat in an ignition tube, and note whether a metallic sub- 
limate of Cd, As, or of globules of Hg forms, or whether 
S sublimes from a sulphide. 

469. P, As and S can frequently only be detected as phos- 
phate, arsenate and sulphate by dissolving the substance in strong 
HNO.,, or in aqua regia, or by fusing it with KNO, and Na,CO, 
and dissolving in water, and testing the solution by 450, 449, 
446. 

Si = be detected as SiO, by evaporating the acid solution 
428). 


SOLUTION AND EXAMINATION OF A METAL OR ALLOY. 


470. Meruop I.—Pour some rather dilute HCl upon 
the powdered metal in a small flask covered with a watch 
glass with its concave surface upwards, and heat for some 
time just short of boiling ; if the metal dissolves readily, 
continue heating until the metal is completely dissolved, 
and examine the HCI solution according to the general 
table (419). 

Frequently HC] alone does not effect complete solu- 
tion ; two or three drops of strong HNO, should then be 
poured in, and more HNO, and HCi added occasionally 
when the action ceases or when red fumes are no longer 
given off on heating. When the metal has entirely dis- 
appeared, add a little more strong HCl and boil as long 
as any Cl or reddish fumes are given off; then dilute 
with a little water, heat to boiling, and cool; filter if 
there is any white residue :— 


Residue, if crystalline, is prob- | Filirate (Note 1) : dilute largely 


ably PbCl,, and will be found 
to dissolve entirely if washed 
with sufficient boiling water. 
In this solution the presence 
of Pb is confirmed by adding 
K,CrO,, which gives a yellow 
precipitate soluble in excess of 
KHO, showing Presence of Pb. 


If any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl; confirm the pres- 
ence of Ag by pouring upon the 
residue hot AmHO, it dissolves 
completely and is reprecipitated 
on adding HNO, in excess :— 


Presence of Ag. 
ee 


with H,O (see Note 2), and 
whether this causes a precip- 
itate or not, pass H,S to sat- 
uration into the cold solution ; 
examine any precipitate thus 
produced by Table II. (435), 
and proceed to examine the fil- 
trate for Groups III., IV. and 
V., as directed in the general 
table (419). 


Note 1.—lf Au and Pt may be 


present, they must be tested forin 
the H,S precipitate, according to 
the directions in 472-474. 

Note 2.—A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi,Sb, or Sn. 


979 ANALYSIS OF COMPLEX SUBSTANCES. [471. 


471, Meruop II.—Pour upon the finely-divided 
metal some strong HNO,,* and heat in a small flask 
covered with a watch glass as long as any red fumes 
appear: one of two results will occur :— 


‘. IL. 


The substance dissolves | A residue is left: add some hot water and boil, then 
completely with or with-| filter and wash the residue on the filter well with 
out addition of water.| boiling water (Note 2). The residue may present 
Absence of Pt, Au, Sb, | the following appearances :— 

Sn (Note 1). - - oo 

Examine the solution, | 1. Entirely metallic or black|2. White powder 
after boiling nearly to| powder: probably Pt or Au. | may contain Sn, 
dryness and diluting | Dissolve by heating ina small| Sb, As, possibly 
with water (Note 2), by | flask covered with a watch| also Pt and Au 
the general table (419). | glass, witha little HClto which | concealed in it 

a few drops of HNO; have been | (Note 3). 
added. When completely dis- 
solved add more HCl, and boil 

down in an evaporating basin 

nearly to dryness ; examine the 

solution for Au and Pt by 474, 

commencing with the addition 

of KCl and using only the left 

hand side of the table, since 

Sn will be absent. 


Note 1.—The solution is liable to contain small quantities of 
these metals, which must always be tested for in a careful 
analysis. 

Note 2.—BiOCl will often precipitate on dilution, but the 
precipitate will disappear on adding HCl and _ boiling, being 
thus easily distinguished from the Group I. precipitate. 

Note 3.—If much residue is obtained, a small quantity of it may 
be heated in a test-tube with HCl, adding KCIO,; if it dissolves 
entirely, dissolve the whole of the residue, then examine the solu- 
tion by Table II., commencing at 435d ; if it refuses to dissolve 
proceed with the rest of the residue as directed below. If the 
residue is small in quantity, examine it at once as directed be- 
low. 


Examination of the Non-Metallic Residue insoluble in 
HNO,.—Dry the residue on the filter at a gentle heat, 
mix it thoroughly with about an equal quantity of 
powdered Na,CO, and NaNO,, and add the mixture 
gradually to some NaNO, in fusion in a porcelain cru- 


* If Hg is found in the preliminary examination, and small quantities 
of Ag haye to be tested for, the Hg should be expelled by heating the 
substance strongly in a porcelain crucible before dissolving in acid as 
Hg(NOs), tends to prevent the precipitation of Ag by HCl in Group I. 
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cible ; then pour the melted substance out into a porcelain 
dish ; allow it to cool, then pour upon it cold water and 
let it stand for some time. After crushing the mass with 
a pestle and stirring it occasionally, filter, and wash the 
residue on the filter with dilute alcohol, throwing away 
the washings :— 


Residue may contain Sn, Sb, Pt, Au. Place | Filtrate may contain 


it in a small porcelain dish, pour in a 
little HCl and heat, then add water ; 
whether the residue has dissolved or not, 
place in the liquid a strip of Pt-foil and 
drop upon it a piece of pure Zn; re- 
move the platinum strip in a few seconds; 
if it is stained black, Sd 7s present. Wait 
until the evolution of H ceases, taking 
care that there is some Zn left undis- 
solved, and adding more Zn if the first 
piece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au and Pt; remove the Zn, rinsing off 
any substance adhering to it into the 
dish, stir the liquid in the dish well, then 
pour off the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong HCl in a test- 
tube, dilute, decant, add HgCle, a white 
precipitate forms :— Presence of Sn. 


(AsOs)’/”: add HNOs 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if very bulky. 
Pour into half this so- 
lution AgNO, as long 
as it gives any precipi- 
tate,andadd gradually 
AmHO diluted with 
10 or 12 times its bulk 
of water, a brown pre- 
cipitate shows :— 
Presence of As. 


To the other half of the 


acid solution add 
AmHO in excess, then 
MgS0O,, and rub the 
inside of the vessel 
with a glass rod; a 
white crystalline pre- 


Residue: dissolve by warming with HCl 
and HNOs, and examine the solution for 
Auand Pt by 474, using only the left 
hand portion of the table. 


cipitate, often appear- 

ing only after some 

time, shows :— 
Presence of As. 


SEPARATION AND DETECTION OF Au AND Pt. 


472, Au and Pt will, in the ordinary course of analy- 
sis, be entirely precipitated as sulphides in the second 
group if H,S is passed for some time into the hot HCl 
solution ; and since these sulphides are soluble in KHO 
and in Am,§, on examining the H,S precipitate by Table 
II. (435), the Au and Pt will pass into the filtrate when 
the precipitate is boiled with KHO or Am,S. No modi- 
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fication of the process described in Table IT. is required 
for the detection of these two metals until the examina- 
tion of the residue in the hydrogen flask is commenced. 
The Au and Pt will be present in this residue, associated 
with Sn if it be present, and usually also with at least a 
part of the Sb (if present), since Zn in contact with Pt 
in an acid liquid causes the separation of metallic Sb 
(193). Accordingly, when Au and Pt have to be tested 
for, the ordinary course of analysis is to be followed until 
the residue in the hydrogen flask is obtained ; and this 
is examined as directed in 473. 


473. After washing the residue left in the hydrogen 
flask by decantation in a porcelain dish, and removing 
any excess of Zn, boil it with a little strong HCl in a 
test-tube for several minutes, allow the residue to settle, 
and decant the liquid :— 


474. Residue :* pour upon the residue in the dish a little HCl, | Solution: to one 
add several drops of IINOs, and boil gently very nearly to | part add HgClo, 
dryness ; add some KCl solution and evaporate once more | a white preci- 
very nearly to dryness. Pour some absolute alcohol into | pitate, which 


does not appear 
at once if only 
traces of Sn are 
present : 
Presence of Sn. 


the cool dish and stir well for a time, allow the precipitate 
to settle and decant the liquid, wash the precipitate by stir- 
ring it with a little more alcohol and decant the liquid when 
the precipitate has settled :— 


Precipitate will consist of | Solution will be yellow if Au 


yellow KePtClg and excess 
of KCl, dissolve it in a little 
boiling water, pour it into 
a white dish, add several 
drops of HCl, then SnClo: 
an orange red coloration 
confirms the 
Presence of Pt. 


is present ; evaporate care- 
fully on a water-bath just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly-prepared FeSO, 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light :— 


Presence of Au. 


Pour the other 
part of this 
solution into a 
porcelain dish, 
immerse in it a 
strip of Pt and 
drop a piece of 
Zn on the Pt; a 
black stain on 
the Pt shows :— 
Presence of Sb. 


*If Sb has not been detected already in the precipitate produced by 
the gases in AgNOs solution (4350), this residue should be examined for 
Sb, as the Sb, instead of having been given off as SbH3s, may have been 
4 eae on the Pt or Au. Boil it once more for some time with strong 
HCl to remove all Sn, wash the residue well by decantation and boil it 
in the dish with HT, adding a few drops of HNOs, deeant and test the 
liquid for Sb by adding HCl and passing H2S: the residue is then ex- 
amined as above (474). 
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EXAMINATION OF SUBSTANCES IN- 
SOLUBLE IN WATER AND ACIDS. 


475, An insoluble substance may consist of one or 
more of the following substances, all of which are white 
except Fe,O,, Cr,O,, FeCr,O,, PbCrO,, 8, C, native SnO, 
and CaF’,, and AgCl which has been exposed to light. 


In the following list those substances which are embraced in 
brackets (_ ) may possibly be present; those in square brackets 
[ |] improbably, because they are soluble in water. 


1. BaSO, Insoluble in water and acids. 

2. SrSO, Insoluble - 

3. [CuSO Not perfectly insoluble in water, soluble in 

re fF PbS 0 hot HCl, and should therefore pass into 

= 1) the acid solution. 

5. PbCrO, Insoluble after being strongly heated. 
Soluble in boiling water, and should there- 

6. [PbCl,)} fore have been removed if the residue was 

well washed with boiling water. 


{ This may have been originally present as such, 
or may have been derived from the use of 
7. AgCl HCl in making the solution, or by the action 
of aqua regia on the insoluble substances 
AgBr, AglI, AgCy, Ag,Fe,Cy,,, Ag,FeCyg. 
8. Sid, Either uncombined, or as a silicate. 


9. (Al,0,) Insoluble after being strongly ignited, but 
10. (Fe,0,) } usually dissolved by long boiling with 
11. (Cr,0,) strong HCl, 

12. FeCr,0, Chrome iron ore, native. 

13. (SnO,) Native or ignited. 

14. Sb,0,, Sb,0, 

15. CaF. Also a few other fluorides, and some meta- 
x 2 phosphates and arsenates. 

16. S ere slowly soluble in strong HNO,, giv- 
: ing red fumes, and yielding H,SQ,. 

iz. ¢ Black, and quite insoluble. 


If sufficient of the substance is at disposal, the preliminary 
examination (476) may be made on a portion of it. In 
ease the quantity of substance is small, however, the whole of 
the — must be employed for the examination by fusion 
(477). 
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[476. 


PRELIMINARY EXAMINATION OF INSOLUBLE SUBSTANCES. 
476, The substance must be in the state of dry powder. 


Make a careful examination of it with a pocket lens. 


Expts. 


I. and II. need only be made if the substance is light in color. 


Experiment. 


I. Observe’ whether the 
substance darkens when 
allowed to stand in the 
light for some time. 


II. Pour a little Am2S 
upon a portion of the 
substance on a watch 
glass. 


III. Heat some of the sub- 
stance with a little water 
and a small piece of 
KCy ; filter off, keeping 
the residue ; to the filtrate 
add Amos. 


AN: Wash the residue 
from Exp. III. well upon 
the filter :— 

a, It is white; drop Am.S 
upon it. 

b. It is dark colored; add 
water and H.T, and boil 
after adding AmHo in 
excess ; filter; to the fil- 


trate add HA in excess 
and KoCr04. 


VY. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire; heat it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
HCl, and hold in the 
outer part of a Bunsen 
flame. 


VI. Heat in a small test- 
tube or ignition-tube, 
then strongly on a piece 
of porcelain or broken 
glass or on platinum foil. 


Observation. 


The color changes to violet 
or black. 


The substance blackens ; pass 
on to IIT. 

The substance does _ not 
blacken; pass on to V., 
omitting III. and IV., since 
Pb and Ag must be absent. 


A brownish precipitate. 


The residue blackens. 


A yellow precipitate, soluble 
in KHO. 


A reddish yellow coloration, 
dusky green when seen 
through the indigo prism. 

A crimson red coloration, ap- 
pearing deep red through 
the indigo prism. 

A yellowish green coloration. 
These colorations may often 

be seen in succession and 
further distinguished by the 
spectroscope. 


A yellow sublimate forms on 
the sides of tube. 

When strongly heated the 
substance smoulders, and 
ultimately burns away. 


Inference. 


Presence of AgCl. 


Presence of Pb or Ag. 


Presence of AgCl. 

Conf’y. On warming some 
of the substance with 
AmHO, filtering, and 
adding excess of HNO; 
to the filtrate, a white 
precipitate forms, 
which, when shaken 
well or heated, coagu- 
lates into flocks. 


Presence of PbSO, or 
PbCly. 


Presence of PbSO, or 
PbCly. 


Presence of Ca 


as 
Presence of Sr sulphate. 
Presence of Ba 


Presence of 8. 


Presence of C, 


: 
: 
: 


X 
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Experiment. Observation. Inference. 


VII. Heat with strong 
H,SO0, in a platinum cruci- 
ble or leaden cup covered 
with a watch glass (296): | The glass is etched. Presence of F. 
or if a silicate is present 
examine by passing the gas | A gelatinous precipitate is ob- | Presence of F. 
into AmHO (297). tained in the AmHO. 


VIXI. Fuse some of the| Particles are seen floating 

substance in a bead of! undissolved in the melted 

NaAmHP0O,, first in the} bead. Presence of SiO, (480). 
outer, then in the inner | Green-colored bead. Presence of Cr. 
blowpipe flame. Reddish brown bead, colorless 

when cold, and becoming 

greenish in the inner 

flame. Presence of Fe. 


EXAMINATION OF INSOLUBLE SUBSTANCES. 


477. Mix the finely-powdered substance* with five 
or six times its bulk of fusion mixture, and heat the 
mixture in a small covered porcelain cruciblet until it 
melts; keep it in fusion for at least ten minutes. Allow 
the crucible to cool, then pour some water into it and 
allow to stand or boil until the solid mass is loosened 
from the crucible ; boil this in a porcelain dish with dis- 
tilled water, crushing the mass by pressure with a pestle 
if it does not quickly fall to pieces. Allow the residue 
to settle, pour off the solution through a filter, and boil 
the residue with a little more water; pour off through 
the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue, see 
478 ; for the filtrate, 479. 


478. Residue on the filter ; wash well with boiling 
water, then make a hole in the bottom of the filter, wash 
the residue through into a test-tube by pouring upon it 


* Which, if it is found by Exp. VI. to contain free S or C, must first 
be heated strongly for some time in an open porcelain crucible. 

+ If Pb and Ag have been proved to be absent by the prelimina 
tests, or if they have been first removed by boiling the substance with 
KCy solution, then with H,T and excess of AmHO and washing well, 
a platinum crucible may be used. The use of a platinum crucible is 
preferable, since after fusing in porcelain small quantities of AlzOs and 
SiO, will always be found, being derived from the action of the 
NazCO, on the glaze of the porcelain. 


25 
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a little boiling dilute HNO, (Note 1), and boil ; the res- 
idue dissolves entirely if the fusion has been continued 
sufficiently long (Note 2). Filter, if necessary, and ex- 
amine the solution by the general table (419), bearing in 
mind that only the metals enumerated in 475 are likely 
to be present (Note 3). 


Note 1.—If Ag and Pb are known to be absent by the pre- 
liminary experiments, HCl may be used for dissolving the res- 
idue and is preferable; if effervescence is produced by these 
acids, the presence of Ba, Sr, Ca or Mg is proved. 

Note 2,—A residue here may consist of chrome iron ore; this 
may be dissolved by heating with HNO, and KCIO, and the 
eis tested by the general table, when Cr and Fe will be 

ound, 

Note 3.—It is best to evaporate the solution quite to dryness 
betore testing for Group III., using a water-bath towards the 
end if the substance spurts. This is always necessary if SiO, is 
present in the substance, since it sometimes passes into the acid 
solution, and is completely separated from this solution by the 
process of evaporation (291). 

479, Aqueous solution of the fused mass.— Divide this 
solution into two parts, A and B. 

A. Add HCl until the liquid is distinctly acid, and 
evaporate in a porcelain dish to dryness, finishing the 
process on a water-bath if necessary to avoid spurting ; 
then continue to heat the dish gently until the residue is 
quite dry ; pour in a little strong HCl and warm, dilute 
and heat again; an insoluble residue shows presence of 
Si0,. 

Filter, and examine the filtrate by the general table 
(419), more particularly for Al; but other bases, such as 
Cr, Mn, Zn, Sn, should also be tested for, since they are 
soluble in alkalis and may therefore pass into this solu- 
tion. 

B. Test separate portions for the following acid radi- 
icles as described below: unless the fusion mixture em- 
ployed was tolerably free from chloride, sulphate and 
phosphate, Tests 1, 2 and 4 may be of little value. 

1. Chloride: acidify with HNO, and add AgNO,, white 
precipitate easily soluble in AmHO, 

2. Sulphate: acidify with HCl and add BaCl,, white 
precipitate insoluble on boiling. 
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3. Chromate: acidify with HA and add PbA,, yellow 
precipitate ; a chromate is also seen by the yellow 
color of the solution. Cr thus detected may have 
been present acting as a metal or as a constituent 
of an acid radicle. 


4. Phosphate: acidify with HNO,, add a few drops to 
some AmHMoO, solution, and warm gently. A 
yellow precipitate forms, often only after a time or 
on gently heating. If As has been found on 
passing H,S into the hot HCl solution, (PO,)’”” 
must be tested for in a portion of the filtrate after 
boiling off H,S, else the above yellow precipitate 
may be due to (AsQ,)’”’. 


5. Fluoride: add HCl in excess to a part of thesolution, 
stir well, and let stand until the CO, has escaped, 
then add AmHO in excess, then CaCl, as long as 
it produces any precipitate, and let stand for a time; 
filter off, dry the precipitate and examine it for F 
by pouring strong H,SO, upon it in a platinum 
crucible covered with a watch glass (296). 
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ANALYSIS OF SILICATES. 


480, The presence of silica is shown by 382 or by 
Exp. VILL. in the preliminary examination of insoluble 
substances (476); when it has been found, it becomes 
necessary to examine for all metals, since many silicates 
which are soluble when alone become insoluble when 
they are mixed or combined with insoluble silicates. 


Many silicates are entirely decomposed by heating . 


them with strong HCl for some time just short of boil- 
ing; if the decomposition is complete, only a colorless 
residue of silicic acid will remain, and this may be iden- 
tified by its solubility in hot Na,CO, solution. 

If the silicate is not completely decomposed by hot 
strong HCl, it is treated as is directed in 477-479, re- 
membering, however, that all metals may be present. 


481. Since Na and K cannot be tested for in the 
solution obtained after fusion with alkaline carbonates, 
a separate portion must be examined for these metals by 
one of the two following processes: the materials used 
in the tests must be perfectly free from K and Na. 


MetrnHop I.—The finely-powdered silicate is mixed 
with its own weight of sublimed and crystallized NH,Cl 
in powder, and with eight times its weight of pure 
CaCO, (see below). The mixture is gently heated in a 
platinum crucible for a few minutes, and finally kept at 
a bright red heat for twenty or thirty minutes: the 
mass will not fuse as a whole, but the fused CaCl, will 
dissolve sufficient CaO to bring this into contact with 
the silicates and decompose them. 

The cool substance, after being turned out of the cru- 
cible, if possible, is boiled with water for some time after 
it has crumbled by the slaking of the CaO: the liquid is 
then filtered, and Am,CO, solution is added to the filtrate, 
until it causes no further precipitate of CaCo,. The fil- 
trate from this precipitate is evaporated considerably and 
freed from traces of Ca by the addition of Am,C,O,. The 


7 
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clear solution will now contain K, Na, Li, if they were 
present, as chlorides; they may be tested for by the 
right hand side of Table V. (439) and by the spectro- 
scope (42). 


The pure CaCo, required for this process is prepared by dis- 
solving marble in HCl, and then adding powdered marble in 
excess and warming. The solution is then mixed with lime- 
water or milk of lime until it is alkaline in reaction: magne- 
sium, calcium phosphate and iron are thus precipitated. This 
solution is heated to about 75° C.,and warm Am2CO, solu- 
tion is added until it causes no further precipitation; the 


. precipitated CaCO, is filtered off and washed well on the filter. 


Metuop II.—Evaporate the powdered substance 
several times in a platinum dish or crucible either with 
hydrofluoric acid and subsequently with strong H,SO,, 
or with five times its weight of finely-powdered calcium 
fluoride mixed into a paste with strong H,SOy in either 
case the mass is finally heated until no more white 
fumes are evolved. The cool residue is then boiled 
with water, BaCl, solution is added as long as it causes 
any precipitate, then AmHO is added in excess and 
Am,CO, solution is poured in as long as it causes any 
precipitate ; the precipitate is filtered off and the filtrate 
is examined for K and Na by Table V. (439) and by 
the spectroscope (42). 
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ANALYSIS OF SUBSTANCES CONTAINING 
CYANOGEN. 


482, If the substance to be analyzed is found to 
contain cyanogen (381), the usual course of analysis 
must frequently be somewhat modified, since the pres- 
ence of cyanogen might produce confusing results. 

The cyanogen may be present as a cyanide, sulpho- 
cyanide, ferrocyanide, ferricyanide, cobalticyanide, and 
rarely as a manganocyanide or chromicyanide. It is 
necessary first to ascertain in what form the cyanogen 
occurs, by trying the following preliminary experiments 
on a small portion of the substance. 


PRELIMINARY EXAMINATION. 


483. Boil a portion of the substance for several 
minutes with KHO solution, then add some Na,CO, 
solution as long as it causes any precipitate, and boil 
again for several minutes ; filter, make the cold filtrate 
just acid with HCl, filter, if necessary, and test separate 
portions as follows :— 


Reagent added, Result. Inference. 


Blue precipitate . | Presence of (FeCyg)\¥, 
1. Wes, solution. -%.-. ce (FeCy)ov. 
White precipitate . | Probable B becaucas of 


(CoCye)e 
Blue precipitate . | Presence oF ‘(FeCy,)'*. 


2. Feg(ls solution Blood-red coloration | Presence of (Cy8)’. 


3, Add ZnSO, solution as long ee Pre-}| Presence of (FeCys)s". 
as it causes any precipitate -'| | white precipitate, . | Presence of (FeCy,)i¥, 
The precipitate produced by ay (CoCyg)o™. 

ZnSO, should be filtered off and | | A blue bead is ae vi 

fused into a colorless borax | {duced . Prowenne of (UO vale" 

bead. 


484. Ifa simple cyanide only is present, the ordinary 
course of analysis is pursued, but it will be necessary to 


— ee 


ce ‘ 
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remove HCy by boiling the solution for some time after 
adding an acid (418, 419). © 

If a sulphocyanide is found by the preliminary tests, 
it may usually be decomposed in the portion of the sub- 
stance which is to be examined for metals by pouring 
strong HNO, upon it in a porcelain dish and boiling 
down nearly to dryness: the liquid is then diluted and 
boiled, and may be considered as Solution ITI.(418), any 
undissolved residue being treated as is directed in the 
table. 


485. Should the preliminary tests have proved the 
presence of ferro-, ferri-, cobalti-, chromi- or mangano- 
cyanide, two methods of procedure are open to the ana- 
lyst. ither the cyanogen may be removed from the 
substance before commencing the analysis (486), or the 
substance may be examined without any such prelimi- 
nary treatment (487). 

The advantage of employing the more complicated 
method in 487 is that it enables the analyst to decide 
whether the metals are present in cyanogen acid radicles 
or not, and it yields a more precise knowledge of the con- 
stitution of the substance. 


- 486. Meruop I.—If cyanogen is not present only 
as a simple cyanide or sulphocyanide, either of the fol- 
lowing two processes may be used for removing it from 
the substance before analysis; the substance may then 
be examined for metals in the usual way. 


1. Pour upon the powdered substance strong H,SO, 
in a porcelain crucible, evaporate to dryness and ignite 
the residue strongly; when cold, dissolve it by heating 
with a little strong HCl, adding water and heating 
again. 


2. Fuse the substancein a porcelain crucible with 
three or four times its weight of a mixture of three parts 
of Am,SO, and one part of AmNO,: the residue left in 
the crucible will be free from cyanogen and may be sub- 
jected to ordinary analysis. 


These lines 
run across 
both pages, 
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487. Mrrnop II. (Fresenius),—Boil the substance with 
the washings to the filtrate:— | 


Filtrate: examine this | Residue: boil with KHO solution for several minutes, then add 
for metals, more and boil again ; filter and wash the residue :— 
especially the alkalis, : 


and for acid radicles | Fiore: pass HS, and if it causes any precipitate, continue 


s} 
4 
§ 


according to the | HO,* heat and filter :— 
directions given for ? ; 
83}. zing 6 liquid | 1 cipttate: wash well with boiling’ | Fila: ‘ead alain 


The acid * radicles water, and boil the precipitate with saturation and filter :— 
should be first tested strong HNO;, a black residue of 
for in a portion of HgS may remain, filter this off Precipitate: boil with | 
the solution and if | fter diluting the acid, and confirm KHO, filter off any 
(FeCy,)iv, (FeaCyyo)%, the presence of Hg in the precipitate black precipitate 
(CooCy39)¥, one or by heating it with Na,COz in a bulb- and examine it for | a 
more be found, the tube (147). Hg by heating it} — 
solution must be | Lhe filtrate (or solution if Hg is ab- with Na Cog in a 
evaporated to dry-| Sent) is evaporated todryness, the |  pulb-tube (147). 

ness with HNO, and residue is then dissolved in a little | aqq to the filtrate or 
the residue strongly hot strong HCl, the solution is much solution HCl until 
heated (see general diluted, saturated with HS, and it is acid, pass HS 
table) after filtering | _ filtered :— to saturation, and 
irom the Hs: precip: j=. cee ee 
itate, in order to | Precipitate: examine | Filtrate: add Sn (Pt, Au), by 
destroy these cyano- for Pb and Cu by AmCl, AmHO Table ITI. (435), com- 


gen radicles. The Table IT. (435a). in excess,and mencing at 435b. 
Fe, Co, etc., in the Am.S, and 
cyanogen acid radi- examine for 
cles will then be Zn, Mn, Ni, 
detected in the Co, etc., by 
general table. (assy III.cg 


*If HS causes a precipitate, NaHS or KHS may be added, drop by 


filtrate; this may be done instead of passing H,S to saturation and then 
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water, filter, and wash the residue with boiling water, adding 


some Na,VOs solution as long as it causes any precipitate in the solution or the filtrate, 


to pass the gas until the liquid is saturated, then add more 
: Residue: dissolve and 
examine for metals 
in the usual manner 


HNO; gradually until the liquid is just acid, pass H,S to 


found in this residue, 
were not present in 
cyanogen acid radicles, 


Filtrate : Divide into two parts, a, B:— 


a. Examine for acid radi- 
cles in the usual way, 
testing for (CogCyy)¥ 
by adding excess of 


B. Evaporate to dryness and fuse 
‘the residue: when cold, boil it 
with water and filter :— 


ZnSO, filtering and try- | Residue: dis- | Filtrate:  acid- 
ing whether the precipi- solve in HCl, ify a portion, 
tate gives a blue bead and test for if yellow, 
a eae Al, Fe, Mn, with HA and 
Co (465) ; the dd PbaA. 
last three if a Ag, & 
found were yellow precip- 
present as itate = shows 
cyanogen (roy) . the 
acid radicles. ee 
been present 
as cyanogen 
acid radicle. 
Test another 
part for Al by 
adding HCl 
in excess, 
then AmHO 


drop, until it no longer gives 
adding KHO. 


in excess. 


any precipitate in the liquid or in the 
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[488 


EXAMPLE SHOWING HOW TO ENTER THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 


488. The substance given for analysis consisted of a 
powder containing pink, blue, white and black parti- 


cles. 


It smelt faintly of ammonia. 


PRELIMINARY EXAMINATION FOR METALS. 


Experiment. 


Expr. I.—Heated in a 
small dry test-tube. 


Confy—Held in the 
upper part of the tube a 
glass rod with a drop of 
lime-water hanging on 
its end. 


Confy.—Boiled a portion 
of the substance with 
KHO solution. 


Confy.—Heated strongly 
another portion of the 
dried substance’ with 
NagCOs in a bulb-tube. 


Exp. II.—Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened with HCl and 
heated again in the 
flame. 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with HCl, and 
again held in the 

Bunsen flame. 


Observation. 


Water given off which 
turned red litmus paper 


blue. 
Strong smell of NHg gas. 
Substance blackened, no 
smell of burning. 


Slight white sublimate. 

The lime water became 
milky. 

Brown nitrous fumes 
evolved, recognized by 
their smell. 

Cl gas. evolved, found by 
smell and _ bleaching 
litmus. 

NHz3 gas was evolved, rec- 
ognized by its smell 
and by giving white 
fumes with strong HCl. 

No mirror formed. 


Bright yellow flame. 

The flame appeared 
crimson through the 
indigo prism. 


Crimson col” appearing 
intense red through the 
indigo prism. 

Bright green col” with 
blue core. 


Inference. 


Pres. of H,0. 


Pres. of NH4. 
Pres. of NH4. 
Prob, pres. of Co, Cu, and 

abs. of T and A, 


Pres. of As, NHy, Hg. 
CO, evolved. 


Pres. of nitrate. 


Pres. of Cl. 


Pres. of NH. 
Abs. of Hg and As, 


Pres. of Na. 


Pres. of K. 


Pres. of Sr. 
Pres: of Cu. 
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Expt. 


Expr. III.—Heated a por- 
tion of the substance on 
charcoal in the inner 
blowpipe flame. 


Confy.—Fused in a clear 
borax bead in the outer 


and inner’ blowpipe 
flames. 
Confy.—Fused on _ pla- 


tinum foil with NaglO3 
and KNOs. 


Confy.—Fused on char- 
coal in the inner blow- 
pipe flame with Na,CO3. 


Observation. 


The greater part of the 
substance fused readily, 
and was absorbed by the 
charcoal. 

Deflagration occurred. 

A red metallic residue re- 
mained. 

In the outer fiame a bead 
green whilst hot, blue 
when cold. 

In the inner flame red 
and nearly opaque. 

No bluish green or yellow 
mass on cooling. 


Red metallic residue, 

A portion placed on a 
silver coin and moistened 
gave no black stain. 


Inference. 


Pres. of a salt of K, Na. 
Pres. of chlorate, nitrate, 
Pres. of Cu. 


Pres. of Cu. 


Abs. of Mn and Cr. 
Pres. of Cu. 


Abs. of 8. 


PRELIMINARY EXAMINATION FOR Actip RADICLES. 


Expt. 


Expr. I.—Added dilute 
HCl without heating. 


Heated to boiling. 


Observation. 


A colorless gas was 
evolved, which was free 
from smell, and turned 
a drop of lime-water 
milky. 

Cl was evolved, recog- 
nized by its smell and 
by bleaching moist 
litmus paper. 


Expr. eae strong | A bright yellow chlorous 
H 


‘4 


in 
and 


Confy. — Dropped 
copper turnings 
heated. 

Heated strongly, cooled, 

and rinsed out. 

Confy.—Boiled a portion 
of the substance with 
water, added = strong 
H,S0,4, cooled and 


poured in FeSO, solu- 
tion carefully. 


gas evolved, which 
crackled when warmed. 
Reddish brown fumes 
evolved. 


The tube when dry was 
seen not to be etched. 

A brown ring formed on 
the surface of the acid. 


Inference. 


Pres, of carbonate. 
Abs. of sulphite, hypo- 
chlorite, &c. 


Pres. of nitrate, chlorate, 
or some other oxidizing 
substance. 


Pres. of chlorate. 
Pres. of nitrate. 


Abs. of fluoride. 
Pres. of nitrate. 


EXAMINATION FOR METALS IN THE WET Way. 


Boiled a portion of the substance with Fe,Cl,, FeSO, 
and KHO, added HCl in excess; no blue pp. :— Absence 


of Cy. 
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These lines. Boiled a portion of the substance with water; as it did not 
both pages. HCl poured upon the undissolved residue: effervescence oc- 
HCl, boiled as long as any smell of Cl was perceived; the sub- 
it with the water sol" which had been proved previously to 


No pp. Diluted with water and passed H.3 until the liquid smelt strongly 
Abs. of Group I. 
Hg’, Ag, and prob. Pb. | 4 black pp. Filtrate which gave no further pp. with 
Exam by Table IT. Boiled until it no longer smelt of Hos, 
on addition of HNOs (prob. pres. of Fe), 
of the HCl sol®- to some AmH MoO, 
boiled ; filtered :— 


A brown pp. 
Examé by Table IIT.a. 


EXxam™ oF pp. IN Group IJ.—Removed from the filter 
into a porcelain dish, and boiled with K HO, filtered :— 


Filtrate :— Pp. removed from filter by a glass rod into a porcelain dish and 
Acidified boiled with strong HNOs as long as any red fumes came off, 

with HCl, a added dilute H2SO, and stirred well: 

white milky 2 - : 

liquid only: No pp.:—| Added to sol™ excess of AmHO: blue solution (Pres. 


Abs. of ds 
ep tts. | e | 


No pp.:—) Acidified the blue sol. with HCl and satu- 
Abs. of Bi. | rated with H.S; filtered off the black pp. 
rapidly and bviled it with dilute H,SO4: 


Pp.: dissolved in a | Filtrate: diluted 


little boiling dilute much and 
HNOs,, added passed H,§, 
AmHO in excess, no pp. :— 
then excess of HA, Abs. of Cd. 
then K,FeCyg, cho- 
colate red pp.:— a 

Pres. of Cu. 


EXAM*™ OF pp. IN Group III.a. 
Dissolved in a little boiling dilute HCl, added pure 
NaHO in excess, boiled and filtered: — 


Filtrate: added AmCl in | Pp.: dried and fused on platinum foil with Na gCO; 

excess, no pp. :— and KNOs, boiled the colorless (abs. of Cr) mass 
Abs. of Al. when cold with water; decanted from the undis- 
solved residue :— 


Residue in the dish dis- | Soln. being colorless 
solved by boiling with a proved abs. of Cr. 
little HCl, added several | Acidified with HA, boiled, 
drops of KCyS : a blood- and added PbA»s, no 
red coloration : yellow pp. :— 
Pres. of Fe. Abs. of Or. 
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completely dissolve, the sol": was decanted, and a little dilute 
curred, and, on boiling, Cl was smelt. Added a little strong 
stance was completely dissolved. Cooled this sol’, and mixed 
give no pp. on addition of a little dilute HNO,:— 


of the gas, filtered :— 


HS was pink (prob. pres. of Co). 

added some strong HNOs and boiled to dryness (the color of the sol=- changed to light brown 
warmed the residue with HCl, it dissolved completely (Abs. of H2SiO3). Added a small portion 
warmed ; no pp.: Absence of (PO,)'". To the rem™ added AmCl, then excess of AmHO, and 


Filtrate was again pink (presence of Co) : added much Am,S and boiled, filtered :— 


A black pp. Filtrate was yellow (absence of Ni): added Am2COs, filtered -— 
Exam. by Table III.s. 
A white pp. Filtrate. 
Exam‘: by Table IV. Exam? by Table V. 


EXxAM™ oF pp. IN Group III.z. 


Rinsed the pp. off the filter with some cold dilute 
HCl, stirred well, filtered :— 


Pp. was black and had | Filirate: boiled until it no longer smelt of HS, 
already been proved to added a crystal of KClOs, boiled until the smell of 
contain no Ni; fused’a Cl ceased, cooled and added pure NaHO in excess :— 
portion into a_ clear 
borax bead: bead blue = 
in both flames :— Re on. Passed H,$ into the sol™ 


Pres. of Co. no pp :— 
foes Ba ‘Abs. of Zn. 


EXxAM™ oF Pp. IN Group IV. 


1. Exam" by Flame Col™—Dissolved a small quan- 
tity of the pp. in a few drops of HCl upon a watch glass, 
dipped a loop of Pt wire into the sol” and held it in 
the Bunsen flame: a crimson red color was imparted to 
the flame, which appeared intense red through the in- 
digo prism: Pres. of Sr. This coloration was followed 
by a yellowish green, very persistent col": Pres. of Ba. 
Confirmed by spectroscope. 


2. Exam" in the Wet Way.—Dissolved the rest of the 
pp. in as little boiling HA as possible; to a small part 
of the solution, perfectly cold, added CaSO, sol™; an 
immediate pp. formed: Pres. of Ba. 
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To the remainder of the HA sol", proved to be acid 


to litmus, added K,CrO, until the liquid appeared yel- 
low, warmed and poured through a double filter :— 


Pp., which con- | To the clear filtrate, which was orange red in color, added 
tained all the Ba AmHO until the color changed to light yellow, then added 
present, was re- Am,CO3 in excess and filtered :— 
jected 


Pp.: dissolved in as little boiling HA as 
possible ; added to a small portion of the 
sol=- CaSO, sol" and boiled, a pp. formed, 
showing pres. of Sr. 

To the remainder of the HA solution 
added H,S0,, boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with more H,SO4, added AmHO 
in excess and AM C204, no pp. :— 

Abs. of Ca, 


Filtrate was re- 
jected. 


EXAM®: OF FILTRATE FROM GENERAL TABLE FOR GRouP V. 


Evaporated the filtrate to dryness in a porcelain dish, 
scraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear: dissolved 
the residue off the foil by boiling with water to which 


several drops of HCl had been added, divided the sol®- 
into two unequal parts :— 


To the larger portion added several 
drops of H.SO, and boiled, then 
AmHO in excess and several drops 
of Am,.C,04; on heating, a slight 
pp. formed; filtered, and added to 
the clear filtrate Na HPQO,, a white 
crystalline pp. :— 


Pres. of Mg. 


Into the smaller portion dipped a loop of 
platinuny wire, and held it in the 
yellow 


Bunsen flame, an intense 
cols ;— 
Pres. of Na, 


appearing crimson through the 


indigo prism : 


Pres. of K. 


Confirmed the pres. of K by stirring a 
fresh portion of the sol™- with PtCl, 
on a _ watch glass, a yellow pp. 
formed. 


Metals found:—Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH, 
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ExaAm*®: ror Actp RADICLES. 


The following acid radicles have already been de- 
tected : (CO,)’’, (NO,)’, (Cl1O,)’. 

By reference to the Table of Solubilities (440), under 
the columns corresponding to the above metals, the only 
salt insoluble in acids is found to be BaSO,; since Ba 


is present, and the substance is entirely soluble in acids, 
SO, is absent. 


The following acid radicles have also been proved to 
be absent in the general examination for metals :—— 
(CrO,)””, by the HCl solution not becoming green on 
passing HS. 
ced ’’ and (AsO,)/"’, by no pp. forming in Group 
B. 


(SiO,)’” and (SiF,)’’, by no residue insol. in HCl re- 
maining on evaporating to dryness with HCl for Group 
HIl.A. 


(PO,)’”, by testing with AmHMoO, in the HCI sol™ 
for Group IIL. 


The organic acid radicles A and T are absent, since 
there was no smell of burning on heating the substance. 


The only commonly occurring acid radicles remaining 
to be specially tested for are therefore Cl, Br, I, (C,O,)”, 
and (BO,)’”’; and of these Br and I are probably absent, 
since no violet fumes of I or brown fumes of Br were 


evolved with strong H,SO,. 


Boiled a portion of the substance with pure Na,CO, 
sol™ and filtered ; acidified portions of the filtrate with— 


HNOs. HA. 


Added AgNOs, a perfectly white | Added CaS0Qu, no pp. :— 
pp., easily sol. in AmHO :— Abs. of (G204)". 


Pres. of Cl. 
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Moistened a piece of turmeric paper with the HCl 
sol". of the substance, and dried it at 100°; no reddish 
brown stain was produced :—Abs. of (BO,)!”’. | 


Acid radicles found :—CO,, NO,, ClO,, Cl. 


Metallic radicles: Cu, Fe, Co, Ba, Sr, Mg, Na, 
Found ; £ 
Acid radicles : CO,, NO,, ClO,, Cl. 
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REACTIONS FOR SOME OF THE RARER 
ELEMENTS. 


The most important reactions for many of the rarer 
elements are given here. The arrangement is that 
adopted in the fourth section, those elements being 
placed together which are precipitated in the same 
analytical group: the groups, however, are ar- 
ranged in the order in which they occur in the 
general table. A scheme for the detection of these 
elements follows, showing in which group they are 
precipitated in the general table, and by what reactions 
they will be most readily found. 


GROUP IL—SILVER GROUP. 


This group includes Tl and W: the former is partially precip- 
itated as chloride by HCl, the latter completely as tungstic 
acid. Thallium is only partially precipitated in Group I., since 
its chloride is not quite insoluble in water : it therefore belongs 
also to Group III.B, being completely precipitated by Am,S. 


THALLIUM (TI).—Use T1,SO, solution. 


489. Tl] occurs in small quantity in many natural sulphides, 
often also in the ashes of plants and in mineral waters. Tl 
yields both thallic and thallzous salts, but the former are very 
unstable, changing even when their solutions are heated into 
thallious salts. 

1. HCl: a white precipitate, which rapidly settles, does not 
blacken in the light, and is soluble in aqua regia. It is soluble 
in a large quantity of water, and therefore does not form in di- 
lute solutions. 

2. KI: a yellow precipitate ; almost insoluble in water, more 
soluble in KI solution. In asolution containing Fe, any fer- 
ric salt present must first be reduced by H,SO, before adding 
KI. 


3. PtCl,: orange red precipitate, slightly soluble in water. 
4. Am,S: black precipitate, which is easily coagulated by 
heat, is insoluble in AmHO, in alkaline sulphides and in KCy ; 
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it is readily oxidized by the air to T1,SO,, and is easily soluble 
in mineral acids. Tl is completely precipitated by H,S from a 
solution in which HA is the only free acid present, but free 
mineral acids prevent the precipitation entirely. 


5. Flame coloration—Thallium compounds impart to the 
Bunsen flame an intense green color, which, however, rapidly 
disappears. The spectrum (p. 66) is very characteristic, con- 
sisting of one bright emerald green line. Thallium may be 
easily detected by the spectroscope in solution, or, better, in any 
of its precipitates mentioned above. 


TUNGSTATES.—Use Na,WO, solution. 


490. W usually occurs in the form of a tungstate. The in- 
soluble tungstates yield soluble alkaline tungstates on being 
fused with alkaline carbonates. From the solution of an al- 
kaline tungstate HCl precipitates the tungstic acid entirely. 


1. HCl, HNO, or H,SO,: white precipitate (H,WO,), be- 
coming yellow on boiling: insoluble in excess of acid, but solu- 
ble in AmHO. A piece of Zn dropped into the acid liquid 
containing the precipitate yields a deep blue color. 


2. SnCl, in neutral solution, made by dissolving SnCl, crystals 
in water and filtering: yellow precipitate, becoming b/we on ad- 
dition of HCl and heating. 


3. Am,S: yields no precipitate in the solution of an alkaline 
tungstate; but if, after adding Am,S, the liquid is made acid 
with HCl, brown WS, is precipitated. 


4. Microcosmic bead: outer flame, colorless or yellow ; inner 
flame, blue ; if a little FeSO, is fused into the bead the color 
changes to blood red. These colors are best seen when the bead 
is perfectly cold. 


GROUP II.4.—COPPER GROUP. 


In this group are included Pd (Os, Rh, Ru): they are pre- 
cipitated as sulphides by H,S from acid solutions, and the sul- 
phides are insoluble in Am,8 and in caustic alkali solution. 


PALLADIUM (Pd).—Use PdCl, solution. 


491, Pd occurs as a metal in native platinum, also in gold 
and silver. Palladium solutions are reddish brown, or yellow 
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if dilute; addition of water precipitates a basic salt unless 
sufficient free acid is present to prevent it. 

1. H,S: black precipitate, in neutral, alkaline and acid solu- 
tions, insoluble in Am,S, but soluble in boiling HCl or in aqua 
regia. 

2. AmHO: flesh-colored precipitate (PdCl,.2NH,); soluble 
in excess of AmHO to a colorless liquid, from which HCl pre- 
cipitates yellow crystalline paladammonium chloride (N,H,- 
Pd’’Cl,). 

3. HgCy,; yellowish white gelatinous precipitate (PdCy,), 
slightly soluble in HOI, easily soluble in AmHO. This is a 
very characteristic reaction. 

4, KI: black precipitate (PdI,): very characteristic of Pd. 


GROUP II.s—ARSENIC GROUP. 
In this group are included Mo, Se, Te (Ir). 


MouyspArEs (Mo).—Use Am,MoQ, solution. 


492. Mo occurs as molybdate; also as sulphide, which may 
be readily converted into MoO, by ignition in the air or by 
heating it with HNO,. Unignited MoO, dissolves in acids; 
ignited MoO, is insoluble in acids, but easily soluble in alkalis. 

1. HCl, HNO,, or H,SO,, if added in small quantity to an 
aqueous solution of a molybdate, yields a precipitate which is 
readily soluble in excess of the acid. 

2. H,S, added in very small quantity to the acidified solution, 
gives a blue liquid; if it is added in larger quantities, a brown 
precipitate (MoS,) forms; the precipitation becomes complete 
only when the solution is heated and H,S is passed for some 
time: the precipitate is soluble in solutions of alkaline sulphides 
and hydrates, from which it is reprecipitated when acid is added 
in excess. 

3. Znor SnCl,, if added to the solution ofa molybdate in HCl, 
colors it brown, green or blue, according to its state of concen- 
tration. 

4. KCyS, if added to a solution acidified with HCl, gives no 
coloration, but on dropping in a piece of Zn a beautiful crimson 
color is produced, which, when the liquid is shaken with ether, 
is taken up by the ether. 

5. Na,HPO,, if added in very small quantity to the solution 
of a molybdate acidified with HNO,, gives, on gently warming 
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the liquid, a yellow precipitate readily soluble in excess of 
alkali hydrate solution. 

6. Borax bead: outer flame, yellow ; inner, dark brown. 

7, Microcosmic bead: outer and inner flames, green. 


SELENIUM (Se). 
493. Se occurs in metallic selenides of Pb, Fe, Cu, Ag. 


Selenides.—Use FeSe. 

1. A selenide when heated in an open tube evolves a smell 
of decaying horse-radish, and produces a grey or red sublimate 
of Se: the smell is very characteristic. 

Selenites.—Use K,SeO, (see 6, below). 

2. H,S gives in acid solutions, if cold a yellow, if hot a red- 
dish yellow precipitate: soluble in Am,§. 

3. BaCl, gives in neutral solutions a white precipitate: sol- 
uble in HC] and in HNO. 

4. SnCl, or H,SO, gives in the presence of free HCl a red, or 
’ in warm solutions a grey precipitate of Se. 

5. Cu in a hot,HCl solution becomes covered with a black 
film: the liquid on standing with the Cu for some time becomes 
colored red with Se. 

Selenates.—Use K,Se0,. 

6. HCl produces no change in the cold: but on boiling, Cl 
is given off and the selenate is reduced to selenite, to which the 
above tests may be applied. 

7. BaCl,: a white precipitate (BaSeO,); insoluble in cold 
HCl, dissolved by boiling with HCl with evolution of Cl and 
reduction to BaSeQ,. 

Selenium in any form of combination. 

8. Heated on charcoal in the inner blowpipe flame, a smell of 
rotten horse-radish is perceived. 

9. Fused on charcoal with Na,CO, in the inner blowpipe 
flame a fused mass is obtained, which when moistened on Ag 
yields a black stain, and on addition of HCl evolves H,Se, a 
badly-smelling gas. 


TELLURIUM (Te). 


494, Te commonly occurs united with the metals Au, Ag, 
Bi, Ou, Pb. 


Tellurides.—Use PbTe. 
1. A telluride when heated in an open glass tube gives white 
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fumes and a sublimate which differs from that given by Sb, by’ 
being fusible before the blowpipe. 


Teilurites.—Use K,TeO, (see 5, below). 
2. H,O: on dilution with water tellurous acid is precipitated 
from the acid solution. 


3. H,S: in acid solutions a brown precipitate (TeS,) ; easily 
soluble in Am,S. 


4. H,SO;, SnCl,, or Zn precipitates black Te. 
Tellurates.—Use KeTeO,. 


5. HCl produces no change in the cold solution of a tellurate ; 
but on boiling, Cl is evolved and the tellurate is reduced to tel- 
lurite ; the solution then gives the above reactions. 


Tellurium in any form of combination. 


6. A tellurium compound, if fused with Na,CO, on charcoal 
in the inner blowpipe flame, gives sodium telluride; a solution 
of which gives a black stain on Ag, and when it is acidified de- 
posits black Te and evolves H,Te. 


GROUP III.—IRON AND ZINC GROUPS. 


In this group are included U, In, Ti, Be, Tl, [V], (Zr, Ce, Ta, 
Nb, La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and 
its reactions are given under that group. V is not precipi- 
tated by Am,S, unless acid is added in excess after Am,S. 


Uranium (U).—Use (UO,)’”(NO,).. 


495. U occurs in nature principally as pitchblende, an oxide; 
also as wranite, a hydrated uranium calcium phosphate; and 
chalcolite, hydrated uranium copper phosphate. 

1. AmHO, KHO,or NaHO: yellow precipitate, insoluble in 
excess. 


2. Am,S gives in neutral solutions a dingy yellow or brown 
precipitate of uranium oxysulphide, which differs from ZnS, 
Mns and FeS by being soluble in Am,CO,. The precipitate 
settles slowly unless AmCl is added; it is solublein acids, even 
in HA: on being heated with Am.S in excess it is changed into 
uranous oxide and sulphur. 

3. H,S produces no precipitate in acid solutions, 

4, Am,CO,, KHCO,, or NaHCO,: yellow precipitate, easily 
soluble in excess; from this solution the uranium is reprecipi- 
tated by addition of NaHO or KHO, or by boiling, differing 
thus from Fe. 
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5. K,FeCy, gives in acid solutions a reddish brown precipi- 
tate, which is distinguished from the similar one produced in 
a copper solution by dissolving in excess of AmHO to a yellow 
fluid. 

6. BaCO, causes complete precipitation even in the cold. 

7. Zn changes the yellow color of acid solutions to green. 

8. Borax and microcosmic beads: outer flame, yellow; inner 
flame, green. 


Inpium (In).—Use In,(S80O,);. 


496. Occurs in zine blende and in wolfram. 


1. Alkali hydrates precipitate a hydrate resembling Al,H,O,, 
insoluble in excess. Indium solutions are also precipitated by 
alkaline carbonates, by Na,HPO,, by boiling their neutral so- 
lutions with excess of NaA, by BaCO,, and by alkaline 
oxalates. 

2. H,S gives no precipitate in strong and acidified solutions ; 
in dilute and feebly acid solutions a little sulphide separates ; 
in a solution containing no free acid but HA the metal is en- 
tirely precipitated as yel/ow sulphide: the precipitate is insolu- 
ble in cold, but soluble in boiling Am,S; from the boiling solu- 
tion white sulphide separates on cooling. 

8. Am,S, added after H,T and excess of AmHO, gives a 
white precipitate, becoming yellow on treatment with HA. 

4, Flame coloration: bluish violet. The spectrum shows a 
very characteristic blue line, which is brilliant, but very rapidly 
disappears when the chloride is employed: see page 66. 


BERYLLIUM (Be).—Use Be,(SO,);. _ 


497. Be occurs as silicate in phenakite, and as silicate with 
Al. silicate in beryl and emerald. 

1. Am,S, AmHO, KHO, or NaHO : the flocculent hydrate is 
precipitated, resembling Al,H,O, in appearance, and in being 
soluble in KHO: but it differs from A],H,O, in being precipi- 
tated from its solution in KHO by dilution and long boiling, 
and by being soluble when freshly precipitated if it is long 
boiled with AmCl solution. 

2. Alkaline carbonates precipitate a carbonate which is solu- 
ble in excess, especially in Am,CO,; from these solutions the 
carbonate is reprecipitated on diluting and boiling for some 
time, and with especial ease from the Am,CO, solution, differ- 
ing thus from Al. 

3. BaCO, precipitates Be solutions completely. 

4. H,C,0O, and alkaline oxalates produce no precipitate. 

5. Moistened with Co(NO,), solution and heated on charcoal 
a ng taba blowpipe flame, a grey mass is obtained, difference 
- from Al. 


. 
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TirANnium (Ti).—Use TiO,. 


498. Ti occurs as TiO,, with traces of Fe, Mn, Cr, in rutile, 
anatase and brookite: also as TiO, in combination with Fe in 
titaniferous iron ore. 


1. Ignited TiO, is insoluble in water and in most acids: it is 
easily soluble in HF, less readily in boiling strong H,SO,: it is 
also rendered soluble in cold water by fusion with KHSOQ,. 
TiO, differs from SiO, in not being volatilized when heated in 
a platinum dish with HF and strong H,.SO,. 


2. By dilution and long boiling, white flocculent hydrate TiO, 
is precipitated from. solutions in H,SO, or HCl, and from the 
aqueous solution of the fusion with KHSO,: the precipitate is 
metatitanic acid: it cannot be filtered off unless an acid or 
Am(Cl is added. 


3. AmHO, KHO, NaHO, Am.§S, or BaCO;, white flocculent 
precipitate, insoluble in excess: if precipitated and washed in 
the cold, it dissolves in HCl and in dilute H,SO,. 

4. Zn or Sn gives in acid solutions a blue, or if dilute, a 
rose-red coloration. 

5. Na,S,0,, on boiling, precipitates Ti solution entirely, dif- 
ference from Fe. 

6. Microcosmice bead: in the outer flame yellow while hot, 
colorless when cold; in the inner flame yed/ow while hot, violet 
when cold. 

The production of these colors is much aided by adding a 
fragmentof Sn. Addition of a small quantity of FeSO, gives 
in the inner flame a blood-red bead. 


VANADIUM (V).—Use Na. VO. 

499. V occurs in vanadinite [8Pb,(PO,),.PbCl,], and in cer- 
tain Fe and Cu ores. Vanadium is known in several stages of 
oxidation ; it will usually occur in analysis as vanadic acid or 
a vanadate, which in acid solution is of a yellow or reddish 
color. 


1. H,S, H,SO,, or H,C,0, reduces acid solutions of a vana- 
date, and causes the color of the solution to change to blue: 
with H,S a deposit of sulphur also forms. 

2. Am,§S, if added in excess, gives a brown liquid, in which 
an excess of acid causes a brown precipitate of V,S5; excess of 
AmS dissolves this to a reddish brown liquid. 

3. Zngivesin avery dilute solution acidified with H,SO,, when 
gently warmed, a blue color, which changes into green and then 
lavender blue. 

4. Solid AmCl, added until the solution is saturated, precipi- 
tates Am,VO,, which is insoluble in saturated AmC]l solution. 
This is a very characteristic reaction. 
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5. H,O, when shaken up with an acid solution imparts a red 
color, which is not removed by shaking with ether. This is a 
very delicate test. 

6. Borax bead: in outer flame colorless, or yellow if much V 
is present; in inner flame, green hot and cold, or if much V is 
present, brown hot and green cold. 


GROUP V.—POTASSIUM GROUP. 
In this group are included Li, Cs, Rb. 


Lirnium (Li).—Use LiCl. 


500. Li occurs frequently in mineral waters and in the ashes 
of plants, also in small quantities in the minerals lepidolite, 
triphane and petallite. 

It is allied to the metals of the barium group by the diffi- 
cult solubility ofits carbonate and phosphate; and it differs 
from K and NH, by not being precipitated by PtCl, or by 
H,1T: from Na itis readily distinguished by the flame coloration 
and spectroscope. 

LiCl is separated from KCl and NaCl by its insolubility in a 
mixture of absolute alcohol and ether. 

1. Na,HPO, added to the solution, which must not be too 
dilute “and must be strongly alkaline with NaHO, gives, on 
boiling, a white crystalline precipitate (Li,PO,) which quickly 
settles. Traces of Li may be precipitated by adding Na, HPO,, 
then NaHO until the liquid remains alkaline, evaporating to 
dryness and washing the residue with dilute ‘Kinki: 

This precipitate differs from the phosphates of Ba, Sr, Ca and 
Mg by fusing in the blowpipe flame and being absorbed by the 
charcoal support, also by its diluted solution in HCl] giving no 
precipitate on addition of AmHO in excess in the cold, but a 
white crystalline precipitate on boiling. 


2. Flame coloration: this is carmine red ; the spectrum (page 
66) consists of an intense carmine red line (a). This colora- 
tion is concealed by that of Na, which, however, does not 
interfere with the spectrum. 

The Na coloration is also removed if the flame is viewed 
through the indigo prism, whereas that of Li can pass through 
the thinner parts of the prism; it differs from the K colora- 
tion, however, in being unable to penetrate the thick layers 
of indigo solution or in being much weakened by its pas- 
sage. 
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As silicate, Li only gives the flame coloration after fusion 
aa CaSO, ; the phosphate requires to be first moistened with 
Cl. 


Rusipum (Rb), Castum (Cs).—Use RbCl and CsCl. 


501. These metals occur in small quantities in some mineral 
waters and in a few minerals. 


1. Their compounds resemble those of K by being precip- 
itated by PtCl, and by H,T, and by giving a similar flame color- 
ation. Characteristic differences are the much greater insolu- 
bility in water of the platino-chlorides, which enables the 
K,PtCl, to be dissolved away from Rb,PtCl, and Cs,PtCl, by 
boiling the precipitate with successive small quantities of 
water : the alums also show a similar difference in solubility 
in cold water. 


2. Cs and Rbare readily distinguished from one another and 
from other elements by their spectra; see page 66. For Cs the 
blue lines (a, 8) are especially distinct and characteristic : in the 
Rb spectrum the indigo blue lines (a, #) are very distinct, but 
the red lines (y, 6) are most characteristic. For the spectroscopic 
test the chlorides are most suitable. 
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502. GENERAL Group TABLE FOR 


Group I.—Reagent HCl. 


The group pp. may contain, in addition 
to AgUl, HgoCle, PbClg:— 
TIC! (white). 
H,W0,( ‘* ). 

T1ICI will usually be readily detected 
by a spectroscopic examination of 
the group pp. It may be removed 
from the group pp. by boiling 
with a little water, and pp? from 
the cold filtrate by KI (Pb isalso 
thus pp4.) : the pp. is yellow, and 
gives the thallium spectrum. 

HoW0,: a white pp., becoming yellow 
on boiling. Its presence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep blue color will be 
obtained. 

Also by fusion of the pp. ina 
microcosmic bead, which will be 
colorless or yellow in the outer 
flame, blue (or with FeSo,, blood- 
red) in the inner flame. 


Group II.—Reagent HS. 


The group pp. may contain as sulphides, in 
addition to Hg, Pb, Bi, Ou, Cd :— 

Pd (black brown) . 

Tl (black ; pp with AsoSs) are in 
[Os, Rh, Ru. |* E 
And in addition to oh SnS2, SbeS3 AeSs, 


AugS3, Pt 
[Jr sulphide]* 
Bes { anasaat (brown) Soluble in 
Se (red-yellow) Am28. 
Te is (black) 


The yellow color of a solution containing V 
is changed to blue by HS. 


Tl is readily found by the spectroscope in the 
group pp. 


Pd will remain in solution in excess of AmHO 
with Cd and Cuin Table IL. : from this solution 
it is pp? by adding HCl: its presence may be 
(ol) confirmed by the HgCys or KI tests 

91). 


The examination of the sulphides in Group II.B 
when the above elements may be present is best 
commenced by fusion with Na,CO3 and NaNOs. 
From the fused mass, water dissolves sodium- 
arsenate, -molybdate, -selenate, and tellurate, 
leaving SnO,, sodium-antimonate, Au, Pt, and 
Ir undissolved ; the elements may then be de- 
tected by special tests. For the separation and 
detection of the platinum metal, a larger work 
must be consulted. 


* Only completely pp? if the liquid has been 
warmed, and H,S passed for a long time. 
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PRECIPITATION OF RARER ELEMENTS. 


Precipitated from the 
Group II.—Reagents AmCI, | fJtrate from Group IIL. by Group V. 
AmHO, and Am,S. excess of HCl. = 


The group pp. may contain As sulphides :— The filtrate after the separa- 
as sulphides, in addition to V (black). tion of all the group pre- 
Fe, Zn, Mn, Ni, Co :— W (trace, brown). cipitates may contain, be- 

U (black-brown Ni (trace, black). sides Mg, K and Na:— 
In( “ ee fete = 3, Li, Cs, Rb. 
Tl “cc “ce EEE 

And as hydrates,in addition | This pp. is dried and then | These metals are readily de. 

to Al, Cr (and phosphates, | fused with a mixture of | tected by their very char- 

&e..:)— Na.CO3 and KNOg: on | acteristic spectra (p. 66). 

Ti (alpite ‘flocculent). boiling the mass with | LiCl may also be detected by 

Be (colorless gelatinous). water, NiO remains undis- | its behaviour with NagHPO,. 

iba Sai a solved; it is filtered off, | Before proceeding to the spec- 

Ta, Nb, Ce, La, Di, Y¥, E.| 24 its presence con-| ¢tyroscopic examination, it is 
Th] ° - firmed by fusion in @/ well to convert them into 

borax bead, chlorides if they are not 
. The aqueous solution may | already in that form. 

Ti and In will usually be pale: alkaline vanadate | Ifthe chloridesare evaporated 

readily detected by spec- | and tungstate. Vis sepa- | to dryness and extracted 

troscopic examination of the | rated by saturating the | with absolute ether and 
liquid with AmCl, andits | alcohol, to which a few 
presence confirmed in the | drops of HCl have been 


pp. 

Ti may be first separated and 
detected by dissolving some |" py. by the borax bead | added, LiCl, RbCl, CsCl dis- 
of the group pp. in boiling | nq py dissolving the pp. | solve, whilst the greater part 
dilute HCl, and reducing | jn HClandemployingthe | of the KCl and NaCl re- 


any Fe present in the solu- . : e ; : 
tion by 805 then pre- reactions with H,0, and | mains undissolved 


cipitating Tl by addition of with Zn (499). The solution is evaporated to 
KI, and testing the pp. by The filtrate, after concen- | dryness, dissolved in a little 
tha spectroscope tration, if necessary, is | HCl, and Rb and Cs are pp4- 
acidified with HCl, and | by PtCly: this pp. is boiled 
A more complete scheme for | the presence of W con- | with small quantities of 
the analysis of this group firmed by the Zn reaction | water until it no longer 
pp. will be found in par. and the microcosmic gives the K spectrum, the 
5u3. bead (490). spectra of Rb and Cs will 
: then be seen, if present. 
Li is found in the filtrate 

after adding PtCl,. 


These lines 
run across 
both pages. 
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(508, 


503,—TABLE ror ANALYsIS oF Group ITI. PRrectpr- 


The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 


After a preliminary spectroscopic examination has been made of a small portion of the 
the general table (502), the group pp. is dried and fusedin platinum with KHUSO, for 


long time with col 


water :— 


Ttesidue: may con- 
tain Ta 05 Nb.20s, 
also SiQ, and traces 
of Fe and Cr which 
have escaped solu- 
tion. By fusion with 
KCIOg and NaHO, 
Cr and Si are ren- 
dered soluble in 
dilute NaHO ; from 
the residue _in- 
soluble in NaHO, 
Ta,0; and Nbo0s 
may be removed by 
washing with dilute 
NayCOs solution. 


Solution: Reduce Fe by adding H,S0O3 in excess, dilute consider- 
covering the vessel, and by passing a stream of COs unless itsmells 


Pp may consist | Filtrate: 
of TiOs, pos- 


adda few drops of strong HNOs, 
and precipitate once more by adding excess 


_sibly also traces 
of Zr. 

Confirm the pres- 
ence of TiO, 
by the micro- 


large excess of HCl, 


Pp. may contain Fe, In, U, Cr, Al, Be, &e. 


Pp. may contain Fe, In, U, &c. Dissolve 
add BaCo3, and let 


cosmic bead 


(498). Pp. may contain Fe, In, 


U, also traces of Al 
and Cr. 

It is dissolved in HCl, 
and NaHCO, is added 
in excess, whereby U 
alone is obtained in 
solution. 


In is found by the spec- 
troscope : 

Or by fusion with 
NagCO3 and KC103. 


Filtrate may contain 

Th. Bais pp4. by 
H.S804, the liquid 
exactly neutralized 
of K,S8O, are added 
allowed to stand for 
pp. is washed with 


Pp. may contain Zr, 
Th, Ce. 

Th and Ceare dis- 
solved away by 
boiling with dilute 
HCl, and are repp4- 
by AmH0O. 


4 
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TATE, WHEN THE RARER ELEMENTS MAY BE PRESENT. 
Mn, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th]. 


pp. for Tland In, and Tl has been further tested for, if necessary, by KI, as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaking, for a 


ably and boil for a long time, preserving the liquid from oxidation by the air by 
constantly of SOQg :— 


concentrate by evaporation, and add AmHO in excess: filter, dissolve the pp. in HCl, 
of AmHO :— : 


Dissolve it in HCl, and add excess of cold strong KHO solution :— Filtrate may 
contain :— 


Zn, Mn, Ni, Co. 


in HCl, boil off any | Filtrate may contain Al, Cr, Be: dilute and 


stand : boil for some time, filter. Al remains in solu- 
tion, and may be pp by adding HCl just in 

Zr, Ce, La, Di, V, E, excess, then AmHO in excess. 

adding excess of 


is concentrated and 
with KHO. Crystals 


Cr and Be are separated by fusion with NagCO, 
and KCl03, dissolving in water and pps-; Be 


and the liquid is by adding HNO in excess, then AmHO in 
some hours. The OxCOS. 
K.S80, solution. 
Sol may contain 
Y, E, also Be. 
The solution is 
ppt by AmHO, 


and Be dissolved 
away from it by 


27* 


806 REACTIONS OF ORGANIC ACID RADICLES. [504, 505. 


REACTIONS FOR CERTAIN ORGANIC 
SUBSTANCES. 


I. ORGANIC ACID RADICLES. 


The most important reactions are given here for the 
more commonly occurring acid radicles. 


ForMATES.—Use NaHCO,. 


504. The acid and the salts much resemble acetic acid and 
acetates. 

1. Fe,Cl, imparts a deep red color to the solution of a formate; 
the coloration is destroyed by the addition of HCl: on boiling 
the red liquid basic ferric formate is precipitated, and the liquid 
becomes colorless if excess of formate was present, since all the 
Fe is precipitated. This reaction is precisely similar to that for 
an acetate (328). 

2. AgNO, or Hg,(NO;), solution, when heated with solution 
of a formate, in the absence of free acid and alkali, yields pre- 
cipitates of black Ag and Hg respectively. 

Solution of HgCl,, when heated to about 70° with the solution 
of a formate, yields a white precipitate (Hg,Cl,) if HCl and alka- 
line chlorides are absent. 

8. Strong H,SO, when heated with a formate evolves CO gas, 
which burns with a blue flame. No charring or blackening 
occurs, and no evolution of CO,, as in the case of an oxalate 

317). 
If : formate is distilled with dilute H,SO,, a distillate emit- 
ting the pungent smell of formic acid is obtained. 

4. When a solid formate is strongly heated it {uses and chars, 
and evolves a mixture of CO and CO,. 


CiTRATES.— Use Na,C,H;07.2H,0. 


505, Citrates much resemble tartrates and oxalates in their 
reactions, Citrates differ, however, by emitting pungent acid 
fumes when they are carbonized by heat, and by darkening 
when they are heated with strong H,SOQ,, but only after the 
mixture has been heated for some time and inflammable gases 
have escaped. 

Further, calcium citrate is only precipitated after long stand- 
ing or on boiling the liquid when large excess of lime-water or 
AmHO, AmCl and CaCl, have been added: the precipitate is 
insoluble in KHO. sy 

Citrates are not precipitated by solution of KA. 


506-510.] SUCCINATES, TANNATES, URATES, ETC. 807 


SuccINATES, BENZOATES.—Use Am,C,H,O, and AmC;H;0,. 


506. Succinic acid and succinates frequently smell of am- 
ber, while benzoic acid and benzoates commonly emit an aro- 
matic smell of gum benzoin. 

Succinates and benzoates closely resemble one another in 
their analytical reactions ; the following differences are, there- 
fore, important: 

Succinic acid is readily soluble in water: benzoic acid is only 
slightly soluble in cold water, and is, therefore, partially precip- 
itated from its solution in alcohol on the addition of water, or 
when strong HCl or any other strong acid is added to.its aque- 
ous solution. : 

Both acids when heated emit fumes which are very irritating 
to the throat, and which cause coughing when inhaled. 

The addition of BaCl, solution and much alcohol precipitates 
succinates, but not benzoates. A similar difference is shown 
with CaCl,. 

Fe,Cl, gives a reddish brown precipitate with a succinate, and 
a pale brown or buff precipitate with a benzoate. 


TANNATES, GALLATES.—Use the acids, C14H10, and C;H,Os. 


507. These acids resemble one another in yielding bluish 
black precipitates with Fe,Cl, solution. Tannic acid may be 
distinguished by yielding a flocculent precipitate with solution 
of gelatin or isinglass, 


Urates.—Use the acid CsH,N,O,, or AmO;H,N,0,. 
508, HNO, dissolves the acid with effervescence: if this solu- 
tion is evaporated to dryness in a porcelain dish, and the resi- 
due is moistened with AmHO, bright purple murewide is formed. 


SALICYLATES.—Use the acid, C;H,O,. 


509. Salicylic acid melts at 157°, and at a somewhat higher 
temperature decomposes into COz and phenol or carbolic acid 
(C,H,O), the change being rapid and complete if the acid is 
mixed with excess of quicklime before it is heated: the phenol 
condenses as a white crystalline sublimate. 

The solution of salicylic acid becomes violet on the addition 
of Fe,Cl, solution. 


MECONATES.—Use the acid, C:H,O;. 

510. Meconic acid is present in opium, and may be detected 
in extracts of that substance by the production of a deep red 
coloration on the addition of Fe,Cl,. 

This coloration differs from that caused by an acetate or a 
formate by not disappearing when the liquid is boiled, and may 
be distinguished from ferric sulphocyanide by its color not 
pe destroyed when the liquid is dropped into solution of 

SU 
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IT. ALKALOIDS. 


Most alkaloids resemble metals, or rather NH,, in their 
behavior with acids, and may therefore be looked upon 
as basic. 


CINCHONINE, QUININE.—Use cinchonine sulphate and 
2C2 HN 2.02. H,SO,.7H20. 

§11. In dissolving quinine sulphate in water a few drops of 
dilute H,SO, should be added. It is intensely bitter and gives 
a pale blue fluorescence : pure solution of cinchonine sulphate is 
not fluorescent. 


1. Solution of alkaline hydroxide or carbonate precipitates 
hydrated quinine from fairly strong solutions of a quinine salt ; 
this precipitate disappears when the liquid is shaken with ether. 

The corresponding cinchonine precipitate is not thus dissolved 
by ether. 

2. Br- or Cl-water does not color a solution of quinine, but if 
AmHO is afterwards added, an intense emerald green color 
appears. 

Cinchonine solution under these conditions yields a yellowish 
white precipitate. 

3. If Br- or Cl-water is added to a quinine solution, then 
K,FeCy, and one or two drops of KHO solution, a deep red tint 
is produced, which quickly changes to dirty brown: this color is 
destroyed by HA, but reappears when AmHO is cautiously 
added. 

4. Tannic acid solution yields in quinine solution a curdy 
precipitate, which is readily dissolved by HA. 


MorPHINE.— Use Cy;HigNO;.HC1.8H,0. 

512, This alkaloid is present in opium and opium extracts : it 
is prepared from opium. 

1, K2CO,, or KHCO;, or one of the corresponding sodium 
salts, precipitates from fairly strong solutions Mo.2H20, which is 
insoluble in excess. KHO or AmHO yields the same precip- 
itate, soluble in excess of the reagent. 

2. Strong HNO, produces a yellowish red color, which does 
not change to violet on the addition of SnCle. Difference from 
brucine. 

3. Neutral Fe, Cl, solution, if added drop by drop to neutral 
morphine solution, produces a dark blue color: this disappears 
on the addition of an acid. 


From iodic acid morphine and its salts separate iodine: this is 


ee ee 


§13.] MORPHINE, STRYCHNINE. 809 


shown by the liquid becoming brown, but the iodine is more 
certainly and readily detected by adding starch solution, or by 
shaking the liquid with OS, (268) ; the brown coloration of the 
solution becomes more intense on the addition of AmHO. 

The test is very delicate and characteristic if the solid sub- 
stance is moistened with a solution of one part of iodic acid in 
fifteen of water, and solution of one part of starch in four hun- 
dred of water is added: on pouring very dilute AmHO upon 
the blue solution thus obtained a colored ring is seen at the 
surface of contact of the solutions, which is blue below antl brown 
above. 

This reaction serves to distinguish morphine from other 
organic substances containing nitrogen. 


5. H,SO, gives no color when added to a solution containing 
morphine, but on dropping a crystal of K,Cr,O, into the acid 
liquid contained in a white porcelain dish, and slowly moving 


the crystal about with a glass rod, an intense green color ap- 
pears. 


6. If solid morphine or any of its compounds is dissolved by 
heating it with a few drops of strong H,SO, for fifteen minutes 
upon the water bath, and a little H,SO, containing HNO, (see 
below) is added to this solution, a violet red color appears: on 
dropping in a fragment of MnO, it becomes surrounded by an 
intense mahogany red coloration. 

The acid mentioned above is prepared by mixing six drops of 
HNO, of 1°25 sp. gr. with 100 c.c. of water, adding ten drops of 
this mixture to 20 grams of pure strong H,SO,, and mixing 
twenty drops of this solution with two or three drops of water 
before adding them to the morphine solution. 


STRYCHNINE.—Use CnH,,N,O,. 


§13. In dissolving strychnine in water a drop of dilute 
H,SO, should be added. The solutions are very poisonous: 
they possess an intensely bitter taste even when they are ex- 
tremely dilute. 


1. Strychnine dissolves in strong H,SO, to a colorless liquid : 
on adding a fragment of K,Cr,O7 to this solution ina porcelain 
dish and slowly moving the bichromate about by pushing it 
with a glass rod, a bluish violet coloration is produced, which 
gradually changes to red or yellow. ; : : 

The presence of morphia, or of metallic chlorides or nitrates, 
interferes with this reaction: if any of these should be present, 
the strychnine may be precipitated by the addition of K,Fe,Cy1, 
or of K,CrO, solution, filtered off and slightly washed on the 
filter, and then stirred with the strong H,SO,. 


2. Cold strong HNO, dissolves strychnine without becoming 
colored, but the solution acquires a yellow tint when it is 
heated. 
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NARCOTINE.— Use C,,H,,;NOv, or its sulphate. 


514. Narcotine is present in opium, but is not extracted by 
the processes usually employed. 

1. Strong H,SO, gives a bluish violet coloration changing to 
orange, but in some specimens a yellow solution is produced 
at once. 

When this liquid is gradually warmed it becomes first orange 
ved and then bluish violet, or purple stripes proceed from the 
edge of the liquid surface: on cooling, the color changes to 
cherry red. If the heating is pushed to the initial evaporation 
of the acid, an intense reddish violet color is produced. 

2. If narcotine is subjected to reaction (512,6) for morphine, 
an intense red coloration is produced on the addition of the 
acid reagent, and this does not alter when MnO, is dropped 
in. 


BrucinE.—Use C,,H,,N,0,, or its sulphate. 


515, The substance is most readily dissolved in water when a 
drop of H,SO, is added. 

1. Strong HNO, yields an intensely red coloration, which 
gradually changes to yellowish red and yellow when the liquid 
is heated: when SnCl, is added to the hot solution it becomes 
intensely violet. Difference from morphine. 

2. With strong H,SO, a rose-colored solution is obtained, 
which changes to yellow. On adding the acid reagent de- 
scribed in 512, 6, the liquid becomes red, but quickly changes 
to yellow. 


IT. CERTAIN OTHER ORGANIC SUBSTANCES. 


ALCOHOL, OR ErHyL ALcoHon.—Use weak spirit. 


516. Pure ethyl alcohol boils at 78°-4 under 760 mm. mercury 
pressure, and has a specific gravity of 0°7988 at 15°°5. It burns 
with a pale blue smokeless flame. 

If the alcohol is very dilute, it may be necessary to add 
Na,CO, in excess to the liquid, and distil over about one-third 
of it: the alcohol is thus concentrated and is the more readily 
detected by Tests 1 and 2. 

1. If Na,CO, solution is added to water containing a little al- 
cohol, and the mixture is digested for some time at a gentle heat, 
occasionally dropping in small pieces of iodine until the solu- 
‘tion retains a brown color, golden yellow crystals of iodoform will 


x 
J 
. 


517, 518.] STARCH, GRAPE SUGAR, 311 


separate after several hours: if very little alcohol is present, ten 
or twelve hours may be necessary for the formation of these 
crystals. 

When examined under the microscope, the crystals are seen 
to be hexagonal tablets or six-pointed stars. 

This reaction is yielded by other substances besides ethyl 
alcohol, and is therefore not distinctive. 


2. Alcohol may be converted into HA by heating it for some 
time with K,Cr,O; and H,SO, Aldehyde will be smelt first 
and then acetic acid. Ifthe smell of the acid is not distinctly 
perceptible, the liquid may be distilled and the first portion of 
the distillate neutralized with Na,CO,;: this solution is then 
evaporated to dryness and the solid residue is tested for an 
acetate (326-328). 

Acetic acid may result from the oxidation of other substances 
besides alcohol. 


Srarcu.—Use potato or rice starch in powder, (C,H0Os),. 


517. Starch is insoluble in cold water, but passes into atrans- 
parent liquid when it is boiled with water ; this liquid becomes 
gelatinous on cooling, if much starch is present. 

1. Starch granules may be identified by their appearance 
when examined by a quarter-inch object-glass under the micro- 
scope: viewed as transparent objects, they appear round or 
oval, with more or less concentric dark rings. Many kinds of 
starch granules show a cross when examined by polarized light. 

These appearances are not visible in starch which has been 
exposed to heat. 

2. If starch is boiled with water, the solution when cold 
assumes an intensely bluish black color on the addition of a 
drop of solution of iodine: this color disappears when the liquid 
is heated, but frequently reappears when it is cooled. 


GRAPE SuGAR OR GLUCOSE,—Use (C,H120,)n. 


§18. Glucose is distinguished from other sugars by yield- 
ing only a yellow solution with strong H,SO, in the presence 
of a little water if the mixture is kept cool: other sugars be- 
come black by charring. 

Glucose when warmed with strong KHO solution becomes 
brown, while other sugars remain uncolored. 

1. If a few drops of CuSO, solution are mixed with glucose 
solution and excess of KHO is then added, no precipitate is 
formed, but when the liquid is boiled, red Cu,O is precipitated. 

3. If clean, freshly-washed yeast is added to glucose solution, 
and the liquid is kept at a temperature of about 25° for an 
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hour or more in the flask shown in Fig. 44 (page 138), fermenta- 
tion will take place with the production of ethyl alcohol and 
carbon dioxide gas. 

The escaping gas may be detected by letting it bubble through 
lime-water (229, 4), and ethyl alcohol may be found in the 
liquid which remains in the flask by the reactions given in 
paragraph 516. 


Urea.—Use CH,N,0. 


519. Urea resembles the alkaloids in directly combining with 
acids to produce salts. 

1. Strong HNO,, if added to solution of urea, causes the 
separation of the crystalline nitrate: under the microscope 
these crystals are seen to be delicate rhomboidal scales. 

2. KHO when heated with urea solution slowly evolves NH,, 
and yields K,CO,, which effervesces on the addition of an acid. 


8. Hg(NVO,), yields a white precipitate in urea solution. 


ALBUMEN.—Use white of egg. 


§20. Solution of albumen is readily obtained by stirring or 
shaking the fresh, unboiled white of egg with water and strain- 
ing the solution through linen or allowing it to settle. 

1. Albumen is readily coagulated and precipitated as white 
flocks from its solution in water either by boiling the solution 
or by adding it to strong HNO, or solution of HgCl,. Solu- 
tion of CuSO,, alum, or of other salts precipitates albumen 
from its solution less completely than HgCl, does 
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SECTION VII. 


LABORATORY FITTINGS, APPARATUS, CHEM- 
ICALS AND REAGENTS. : 


In this section such directions are given as have been found 
by experience to be of value in fitting and furnishing a labora- 
tory and in maintaining it in working order. 


LABORATORY FITrinas. 


530, The building, fitting, heating and ventilation of 
a chemical laboratory are matters of prime importance in 
securing the comfort, health and convenience of the lab- 
oratory student, and in recent years very considerable 
advances have been made in these matters. For detailed 
information on these subjects, reference should be made 
to papers by E. C. Robins, which are published in the 
Transactions of the Institute of British Architects for the 
years 1882-3 and 1883-4. 


With regard to the building, it must suffice to state 
here that the main points requiring attention are that the 
internal air space, ventilation and window lighting, both 
from the top and sides, should be secured on as ample a 
seale as possible. The inner surface of the walls should 
either be of glazed brick, which can be easily cleaned when 
necessary, or the rough brick or plaster surface should be 
covered with lime wash or distemper, which can be fre- 
quently and cheaply renewed. 


Around the walls, in the spaces between the windows, 
there should be large and small recesses, each of which is 
lined with white glazed tiles, has a glazed hood above and 
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is closed with a sliding sash in front: it is provided at 
the top with an outlet, through which a strong draught 
is caused. These draught cupboards should be provided 
with several gas supplies for Bunsen burners, the taps 
being on the outside of the cupboard: they should also 
be furnished with a gas-jet for lighting the interior when 
necessary. The bottom of the cupboard may be covered 
with sheet-lead, and provided with asmall grid, through 
which liquids escape into a drain-pipe. Some, at least, 
of these cupboards should also be provided with a water 
supply pipe. A strip of India-rubber draught-excluder 
fixed along the top of the inner frame, and lightly touch- 
ing the glass, prevents the escape of fumes when the sash 
is partly opened. 

One or more of the larger draught cupboards will be 
reserved for the sulphuretted hydrogen apparatus (534) : 
it will be found well to provide such a cupboard with 
small doors, through which the gas may be utilized, so as 
to prevent it from escaping in large quantity into the 
laboratory by opening the large sash. A frame containing 
pairs of little hinged glazed doors, each about six inches 
by eight, may be introduced beneath the sliding sash, 
and this enables a student to open as much of the cup- 
board as is absolutely necessary for introducing his solu- 
tion; while the whole sash can be raised for cleans- 
ing or replenishing the sulphuretted hydrogen appa- 
ratus. 

One of the draught recesses is kept open for the steam 
ovens, small boiler and condenser which is described in 
535. 


Two or more deep box sinks covered with sheet-lead 
should be provided for general use; these have large 
water-taps fixed above them at some distance from the 
back of the sink. It will be found convenient if each 
sink is supplied with three taps, two of which deliver 
low-pressure water, hot and cold, and a third is con- 
nected with a high-pressure water service, upon which 
a fire-hose can be at once adapted. 


In the frontispiece illustration of this book « block of 
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four laboratory benches in the Nottingham University 
College is shown; two of these are presented to the 
observer, and are therefore visible in detail. It is con- 
venient to arrange the benches in this way, since it ena- 
bles the washing-sinks and water-taps to be placed at 
the end of the bench and yet to be accessible to each 
student: this prevents the surface of the bench from 
being wetted and soiled when apparatus is being washed. 

The sinks are of stoneware, with half-inch outlet pipes 
unprotected by grids : these pipes discharge into stone- 
ware pots, the overflow from which into the drain-pipes 
is through a curved stoneware tube near the top: solid 
matter passing down the sink-pipe settles in this trap- 
pot, and is got rid of by taking out the pots and empty- 
ing them into a pail every few weeks: floating paper or 
other light substances which may be carried into the 
main pipes are removed by flushing them occasionally 
with high-pressure water. Any stoppage in the straight 
sink-pipe is readily pushed through with a stout cane. 
Over each sink there are three low-pressure taps for 
washing and for supplying condensers, and two high- 
pressure taps for aspirators. 

Lead-covered sinks lessen the number of breakages 
caused by dropping apparatus while it is being washed ; 
but they are easily corroded by acids, and are less 
cleanly : a wooden grid laid on the bottom of a stoneware 
sink lessens the risk of breakage. 

Each bench is provided with an aperture leading to a 
strong down draught, and into this aperture a copper 
hood can be fitted, which serves to carry away acid va- 
pors or badly-smelling gases. This aperture is stopped 
with a wooden plug when the hood is not in use, in 
order to improve the draught on other benches. Cop- 
per hoods, which are occasionally cleansed and painted 
with Brunswick black, answer well; but fixed small 
earthenware hoods may be more convenient. <A glazed 
draught hood extending along the top of the centre 
shelf rack of the bench has been found to answer well: 
all heating and evaporation of liquids is then carried 
out on a raised shelf under this hood. 
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The laboratory bench itself is made of stout American 
walnut wood, the whole of which is stopped and var- 
nished, with the exception of the working surface of the 
bench, which should be well saturated with oil and then 
rubbed up. This working surface is preserved by being 
occasionally thoroughly washed, dried and oiled. Less 
durable and expensive wood covered with sheet-lead 
has been found to serve well for a bench top. 

The bench may be 3 feet in height with a depth of 
25 inches; and a gangway of 6 feet between the rows 
of benches is not too broad for convenience of passage. 

Two gas-taps are fixed on each bench for supplying 
Bunsen burners, and one lighting burner is provided at 
a convenient height for illuminating the bench at night. 
A space of seven inches between the reagent shelves will 
be found suitable for ordinary bottles. 

The working bench is supplied with two lockers, each 
of which has two drawers above it. In order to lessen 
the number of locks, which are liable to rust in the 
laboratory atmosphere, a flat iron bar is fastened upon 
a staple by a padlock in front of the two drawers and 
locker. By this arrangement of lockers two students 
are enabled to use the same bench at different times. 
Each locker should have a different key; but all the 
locks are under the control of master keys kept by the 
attendant and teachers. The drawers should be about 
3 inches in depth, and are conveniently divided by wooden 
strips: a shelf in the locker should not extend more than 
half across, so as to leave standing-room for tall apparatus. 

Besides the ordinary working benches, there should be 
at least one long bench well supplied with gas and water- 
taps and with overflow pipe: this serves for making up 
solutions, for distillations and for other large operations. 
There should be a large bench made of a slate slab, and 
covered at a height of several feet with a metal hood, 
under which is a good draught outlet: this bench must 
be supplied with a half-inch gas-pipe and taps, and with 
water-taps and overflows: it serves to support water- 
baths, air-baths, combustion furnaces and gas furnaces 
of all kinds, 
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A blowpipe table, the top of which is edged round 
and is covered with sheet-lead or zinc, should be pro- 
vided ; this must be well supplied with gas-taps for gas 
blowpipes and luminous burners for bending glass ; and 
two or more Fletcher’s bellows should stand beneath 
it. Itis also well, if possible, to have a water-blowing 
apparatus near at hand to supply a blast to the blowpipes 
for loug operations. 

Opening into the general laboratory there should be 
at least two separate apartments, one serving for stores 
of chemicals and apparatus and the other for a reference 
library and for delicate metal apparatus, such as chemi- 
cal balances, microscopes, spectroscopes and polariscopes. 
This apparatus, more especially the chemical balances, 
should stand on a broad shelf, which is at a convenient 
height for sitting; the shelf is supported on iron brack- 
ets from the wall, so as to be secure against disturbance 
from the vibrations of the floor. The spectroscope and 
polariscope should have draw-curtains of black lining 
material, so arranged that when the instruments are in 
use light from outside may be pretty well excluded. A 
large central table should also be provided for use in 
writing and reading. Special low tables, with a raised 
flange for gas apparatus and other experiments involving 
the use of mercury, are necessary : and to provide against 
the loss of mercury spilt from these tables, it will be well 
to have the floor covered with linoleum. 


List oF BencH APPARATUS. 


Detailed description of apparatus is rendered unnecessary by 
the fully illustrated and descriptive price-lists now furnished 
by the apparatus sellers. 

531, A list of the apparatus which should be kept in 
each bench locker will be found facing page 1: it is re- 
peated here, with details of dimensions and other matters. 
In Section I. of the book directions are given for prepar- 
ing and fitting apparatus. The Bunsen burner, with its 
india-rubber tube, may be left attached to the gas-tap on 
the bench ; all the other apparatus should be locked up 
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in the bench locker when not in use. Most of this ap- 
paratus is seen in the frontispiece illustration. 


1 Bunsen burner (1), about 53 inches in height, with §-inch 
tube, and means of closing the air-holes (1). 


1 Rose top to fit the burner. 

1 Fletcher’s argand Bunsen burner, } inch size, is convenient 
for boiling the wash-bottle. 

1 Piece of red or black india-rubber tubing ;'; inch in internal 
diameter and 16 inches long, to supply gas to the burner. 

1 Test-tube stand with twelve holes, two of which are at least 
1 inch across, and with no draining pegs. 

1 Test-tube brush (11), or a cleaner with flat india-rubber end. 

12 Test-tubes, 5 inches long, ¢ inch in internal diameter. 

2 Boiling tubes, 6 inches long, 1 inch in internal diameter. 

2 Round glass plates, ground on one side, 3 inches across. 

2 Berlin porcelain evaporating dishes with spouts, glazed in- 
side and out, and 3 inches in diameter. 

2 Watch glasses, 2 inches across. 

1 Conical flask of four ounces capacity. 

1 nha ahaa mortar, 4 inches across, pestle with wooden 

andle. 
1 Galvanized iron tripod stand, 7 inches in height, with round 


top 4 inches across; these dimensions are suitable to the 
above burner. 

1 Square of coarse iron wire gauze, 5 inches in the side; best 
with the corners clipped off. 

A square of asbestos millboard may be used instead of the 
gauze. 

3 Plain glass funnels, two of them 23 inches across, and one 2 
inches across. 

3 Beakers without lips, wide form, of 1,2 and 3 ounces ca- 

acity. 

3 Cindi ode round at the ends, 7, 6 and 8 inches in length. 

1 Piece of platinum foil, 1 inch by 14 inches. 

2 Pieces of mounted platinum wire (7), each 2 inches long and 
about as stout as an ordinary sewing needle. 

1 Blowpipe, Black’s japanned tin. 

1 Pipe-clay triangle, 2 inches along its sides. 

1 Wash-boitle (10), made by fitting a conical 18-ounce flask, 
which is at least 1 inch across the inside of the neck. 

1 Retort stand, upright rod 16 inches, foot 6 by 33 inches, 
galvanized iron, with 3 rings of brass or gun-metal, the 
largest 3 inches across. 

1 Wooden filter stand (page 48), rod 12 inches high, two rings 
on ‘a boss, each 2} inches across, foot 5 inches by 8 by 3 
inch. 

1 Pair of polished brass crucible tongs, 6 inches long. 

1 Small horn spatula, 3} inches long. 

1 Wicker oval draining basket, 10 inches by 8, and 4 inches 
deep. Cut filter papers 43, 3} and 2} inches across. 
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List oF SpecrAL APPARATUS FOR Secrion II. 


532. This apparatus need not be supplied to each stu- 
dent, but several sets should be kept in an accessible 
position in the laboratory, whence they may be fetched 
when required: this apparatus should never be kept in 
the bench lockers. An asterisk indicates that the appa- 
ratus is also required for chemical analysis. 


*] Nest of the three or four of the smallest sizes of brass 
cork-borers. 
*1 Triangular file, without wooden handle. 
*1 Thin round file, without wooden handle. 
* Several lengths and pieces of hard glass tubing about $ inch 
internal diameter. 
*] Gross of ignition tubes 3 inches long, 3 inch across. 
* Corks as free as possible from holes and cracks, sizes 
varying from 3 to }? inch across. 
1 Small metal clamp in a boss which fits on the retort stand 
(see Figs. 15, 37, on pages 18 and 64). 
1 Stoppered bell-jar of 16 ounces capacity. 
4 Glass cylinders on feet, with ground edge at top (see fig. page 
20), 8 inches high, 13 inches across, 
4 Similar cylinders, 6 inches high, 1} inches across. 
1 Boon brown stoneware trough, 12 inches across, 5 inches 
eep. 
1 Metal deflagrating spoon, with brass cap, 2} inches across. 
2 Two-necked Woulffe’s bottles of 8 ounces capacity. 
2 Two-necked Woulffe’s bottles of 4 ounces capacity. 
1 Tubulated retort of 6 ounces capacity. 
2 Thistle funnels, 8 inches long. 
1 Clock glass, about 4 inches across. 
4 Pieces of red or black india-rubber tubing #; inch in inter- 
nal diameter and 13 inches long. 
* A good supply of wooden spills, or thin strips of wood. 
* A good supply of wax tapers, about 11 inches long. 
_ Asmall piece of thin candle. 
1 Tube (Fig. 20 a, page 26),6 inches long, filled with small 
pieces of calcium chloride. 
4 Strips of sheet-lead, 6 inches long, } inch broad. 


Last oF APPARATUS FOR GENERAL USE IN ANALYSIS. 


533, The following apparatus is kept in the laboratory 
for the general use of students who are doing chemical 
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analysis. One set will suffice for about twelve students, 
Each article should have its own place inthe laboratory, 
and should be returned to it immediately after use, since 
it may be required by other students. Apparatus in 
532, which. is marked with an asterisk, is also required 
for analysis. 


1 Spirit lamp, 4 ounces in capacity, with earthenware wick- 
holder and ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

Berlin porcelain crucibles, 13 inches across, with covers. 

Iron mortar 8 inches across, and pestle. 

Fletcher’s foot-bellows, No.5; and blowpipe table covered 
with sheet-zine or lead. 

Fletcher’s Bunsen burner, with central blast and two taps. 

Fletcher’s solid flame burner, with tripod for boiling large 
dishes. 

Fletcher’s injector furnace for strongly heating large cruci- 
bles. 

Microscope, with at least a }-inch object-glass. 

Spectroscope, Bunsen’s table form. 

Spectroscope, direct vision, pocket form. 

Indigo prism, stoppered. This is nearly filled with solution 
of indigo in strong sulphuric acid, the dry stopper is in- 
serted into the dry neck and securely fastened down with 
fine copper wire: melted paraffin wax is then run over the 
stopper and neck. The indigo solution ismade by mixing 
commercial sulphindigotic acid with about ten times its 
measure of strong sulphuric acid, letting settle for several 
days, and decanting into the prism. 

1 Agate mortar 8 inches across, and pestle, which is used 
for reducing to fine powder hard substances which have 
been already broken into minute fragments; this must be 
done by trituration, and blows are on no account to be 
struck with the pestle. 

2 Small leaden cups, about 1} inches across and ? inch deep 
(296). These are made by beating sheet-lead into shape. 

2 Copper water-baths, 5 inches across, with four diminishing 
rings. One large bath with several openings may replace 
these. The baths when in use should be about two-thirds 
filled with water, and the flame is adjusted so that the 
water is kept just boiling. Evaporating basins placed on 
the bath cannot be heated above 100° C. 

2 Pairs of conical flasks fitted as is shown in Fig. 41 (page 118). 

2 Tubulated flasks, 4 ounces in capacity, see Fig. 44 (page 138). 

A box of assorted pieces of wood charcoal, as free as possible 
from cracks and from bark. 
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SULPHURETTED HyproGEen APPARATUS. 


534, Sulphuretted hydrogen gas is constantly required 
by the analyst, and should be readily obtainable at any 
time in a constant stream : arrangements must be made 
for preventing this badly-smelling gas from polluting the 
atmosphere of the laboratory to any large extent. Both 
these objects, together with economy of materials, are 
better secured by the use of a large apparatus in common 
by many students than by the employment of a small 
private apparatus by each student. 


Fia. 45, 


i 
| 


fr 
ee 


a 


The gas is most readily obtained by the action of some- 
what diluted cold commercial hydrochloric acid upon 
fragments of ferrous sulphide. |The apparatus in which 
the gas is prepared has assumed many forms; the one 
figured in section and described below is recommended by 
its simplicity, efficiency and cheapness. 

Two large tubulated bottles (A and B), each of at least 
two quarts capacity, are fitted as is shown in Fig. 45, A 
and B being connected one to another by a piece of broad 
india-rubber tubing, and B communicating with the wash- 
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bottle (C) by narrow rubber tubing: the stoppers used 
should also be of rubber, as these are more durable and 
gas-tight than ordinary corks. The delivery tube (D) is 
connected with the washing-bottle by means of an india- 
rubber joint, which can be partially or entirely closed by 
means of a screw clamp (E). 

In charging the apparatus, B is laid on its side, and 
lumps of ferrous sulphide are introduced until the bottle 
is full: the washing-bottle (C) is then partly filled with 
water, and the three bottles are connected ; the clamp I 
having been closed, A is about half-filled with a mixture 
in equal measures of strong commercial hydrochloric 
avid and water. 

When the gas is required, A is raised on a suitable 
stand and the clamp E is gradually opened, until a reg- 
ular stream of bubbles passes through the water in C. A 
part of the acid will run into B and evolve H,S from the 
FeS, and the gas will be forced out by the pressure of the 
acid remaining in A. Before escaping through the tube 
D it is washed free from small drops of liquid containing 
HCl and FeCl, by passing through the water in C. The 
levels of the liquids in the bottles while the gas is being 
produced are shown by the horizontal dotted lines. 

When the gas is no longer required, the screw clamp at 
E is gradually tightened, until the stream of bubbles 
through the water in C is arrested ; the gas accumulating 
in B will then force the acid out of B back into A, and 
if the glass tube at the bottom of B is bent as is shown 
in the figure, the acid will be almost completely expelled. 
This will cause the production of the gas to cease, but it 
will recommence immediately on opening the clamp E. 

During the hours of laboratory work A should remain 
raised on its stand, and the apparatus is then always 
ready for use: at other times A is placed down in the 
position represented in dotted outline in the figure. B 
should be permanently somewhat raised to facilitate the 
outflow of the acid when A is lowered. The escape of 
HS dissolved in the acid is much lessened in amount by 
fitting a funnel containing water or glycerine in the 
stopper at the top of A. 
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When the acid is spent and no longer evolves the gas 
from the FeS, it is emptied away and replaced by fresh: 
lumps of FeS are also occasionally filled into B. 

The apparatus should stand in a closet, lined with 
glazed white tiles, and furnished with a good draught ; 
the bottom of the cupboard should be covered with 
sheet-lead and furnished with a drain-pipe for the spent 
acid, and a gas-jet should be provided for lighting it at 
night. This closet must not be used for any other pur- 
pose. Arrangements should be made for a large open- 
ing in front for recharging the apparatus, but a small 
door only should be used for introducing the solutions 
through which the gas has to be passed. If the front 
of the cupboard is opened by means of a glazed 
sliding sash, a frame containing pairs of glazed hinged 
doors, each about six inches by eight, may be introduced 
into the grooves beneath the sash; these doors enable 
the apparatus to be used with the least possible opening 
of the closet. Such an apparatus should serve twelve 
or more students, according to circumstances. 

An apparatus for private use may be fitted as shown 
in Fig. 46. The larger bottle 
contains pieces of ferrous sulphide Fig. 46. 
upon which HCl, diluted with an 
equal measure of water, is poured 
through the thistle-funnel : the gas 
passes through a little water in the 
smaller bottle, and thence into the 
solution to be saturated. The use 
of a small apparatus by each. 
student in a large laboratory is 
not to be recommended, since it Z= 
causes unnecessary waste of time 


- and materials, and does not permit of satisfactory con- 


trol of the stream of gas which is evolved. 


Passing sulphuretted hydrogen.—Each student should 
keep a bent glass tube, D (Figs. 45, 46), which may be 
fitted upon the sulphuretted hydrogen apparatus, and 
serves to conduct the gas into a solution. When a 
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liquid is to be saturated with the gas, the end of this 
tube should be passed down to the bottom of the vessel 
containing the liquid, and a regular stream of gas is 
then caused to bubble through the liquid by gradually 
_ opening the clamp E (Fig. 45) or by introducing a suf- 
ficient quantity of acid into the larger bottle shown in 
Fig. 46. 

To avoid unnecessary waste of gas the liquid should 
be of sufficient depth to absorb much of the gas, and the 
bubbles should not pass too fast to be readily counted. 
The passage of the gas should be continued for four or 
five minutes if the quantity of metal to be precipitated 
is large, and the liquid must smell strongly of the gas 
after the air above it has been blown out. The tube 
D must be thoroughly cleansed immediately after use. 

It will be found convenient to keep a bottle of dis- 
tilled water saturated with H,S: this is prepared by 
passing a regular stream of the gas through water nearly 
filling the bottle, until on removing the bottle, closing 
its mouth tightly with the thumb and shaking it vio- 
lently, no suction is felt on the thumb, but rather an 
outward pressure. 


DISTILLATION OF WATER: STEAM OVENS. 


As has been already shown (25), water ordinarily 
contains certain solid substances dissolved in it, which ren- 
der it, in a chemical sense, impure ; such water is, there- 
fore, unfit to be employed for the processes of solution 
and washing precipitates, since any impurity thus intro- 
duced into a substance during analysis would be con- 
sidered, when detected, to have been present in the 
original substance. 

The quantity of these impurities present in any par- 
ticular water supply will depend upon the nature of the 
soil with which the water has \been in contact before its 
collection. The water supplied in some districts 
will be found, when subjected to the tests given 
in Remark 41 (552), to be almost perfectly pure ; 
carefully collected rain-water will yield little or no 
indication of dissolved impurity: the water supplied 
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to the majority of laboratories will, however, be found 
to be unfit for analytical purposes until it has been freed 
from the solid substances dissolved in it by being sub- 
jected to the process of distillation. 


In most towns distilled water can be purchased, but 
it is preferable to distil all the water required for use 
either in the laboratory itself or in its immediate neigh- 
borhood. For this purpose the steam obtained from a 
steam-boiler or from a copper still heated by a furnace 
or gas-burner, or from the water-baths and steam ovens 
in the laboratory, is condensed by a block tin worm-pipe 
immersed in a tub through which a constant stream of 
cold water runs. 


535. The distillation of water may be advantageously 
combined with the heating of drying ovens to a tempera- 
ture not exceeding 100° C. For this purpose one of 
the tiled recesses in the laboratory wall is furnished with 
a glazed projecting hood and with a good draught from 
the top. Into this recess the arrangement represented 
in Fig. 47 is fitted, where the copper boiler and a stone- 
ware collecting jar are seen resting on the floor of the 
recess, whilst the set of double-cased copper ovens and 
the still-tub are supported on a strong iron grating above. . 


The steam generated by the powerful Fletcher burner 
passes from the boiler through a pipe which terminates 
several inches above the bottom of the outer casing of 
the ovens. It then makes its way between and around 
the various ovens, undergoing partial condensation in 
heating them; and the hot condensed water thus pro- 
duced flows through a pipe, the opening of which is 
flush with the bottom of the oven casing, into the stone- 
ware jar, from which hot distilled water may be drawn 
when the apparatus is at work. This pipe has a U-bend 
to prevent the escape of steam. 

Any steam which is not condensed in heating the ovens 
passes from the upper part of the oven casing into a 
block tin worm inclosed in the tall still-tub, and drops 
as distilled water from the end of the worm-pipe into a 
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second stoneware store-jar provided with a tap below. 
The level of the water inside this jar is shown by a 
syphon gauge such as that seen in Fig. 48. 

The still-tub is supplied with a stream of cold water 
from a pipe, in which is a control tap, seen at the right 
hand side of figure; and from the opposite side of the 
still-tub the heated condensing water flows into a little 


Fig. 47. 


feeding vessel attached to the side of the boiler: a por- 
tion of it serves to keep up the water-level in the boiler 
to the dotted level in the figure, and the rest flows away 
into the drain pipes through a central pipe seen in the 
feeding vessel. 

All the connections are made by means of screw union 
joints, so that the apparatus may be quickly and easily 
disconnected for removing the incrustation in the boiler 
and on the condensing worm, and for repairs. 
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This apparatus has been allowed to run uninterrupt- 
edly for several days and nights in succession without 
any attention, after the gas burner had been lighted and 
the supply of condensing water had been regulated by 
~ the tap. 

Tt has been found possible to attain a higher tempera- 
ture than that usually recorded in a steam oven, by dis- 
pensing with the usual inlet for air through the door and 
admitting the air through a narrow copper tube, one 
end of which isseen immediately beneath each door, the 
other end opening into the oven flush with its bottom : 
the pipe itself is thus constantly surrounded with steam, 
and the air passing through it into the oven enters at a tem- 
perature of nearly 100°. There isa small outlet for air 
provided at the upper part of the back of each oven, 


Tf the process of distillation and heating the steam ovens 
are not combined in one apparatus, the constant still, 
figured and described below, will be found very service- 
able. The sketch in Fig. 48 renders a lengthened de- 
scription unnecessary: it represents the apparatus in 
section. 

The water in a copper-still (A) is heated by the flame 
of a Fletcher burner or of a large-sized Bunsen burner, 
and the steam thus generated passes from the top of the 
still through aspiral tin tube immersed in water in the 
condensing tub (B), which is made of copper or galvan- 
ized iron ; from this condenser the distilled water flows 
into a large stoneware vessel (C), which is furnished 
with a tap below from which the water is drawn 
when required. A long syphon tube (CD) serves as a 
gauge to indicate the level of the water inside the jar. 

The condensing-tub (B) has three tubes let into the 
side facing the still; one of these (d), placed about an 
inch above the bottom of the vessel, is the inlet for cold 
water from a cistern, the water-level in which must be 
higher than that maintained in A and B; this level, 
marked by the single dotted line, is kept constant by the 
overflow tube e, which is connected with a pipe leading 
to a sink or drain. Just below this overflow tube is a 
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short tube (f), which is on a level with another (g) 
opening into the side of the still ; when these two tubes are 
connected by means of an india-rubber joint or a screw 
union, a supply of warm water from the upper part of 
the condenser is furnished to the still and keeps the 
level of water in it constant ; a small glass jet drawn out 
from a piece of glass tubing is fitted into this connect- 
ing tube, and has been found sufficient to prevent an 
Fia. 48, 


undue circulation of water between the still and the con- 
denser. 

The still is supported on an iron ring, projecting as a 
bracket from the condenser. Time is economized by 
having two taps in the inlet tube (d) or by using 
two clamps on the india-rubber joint which con- 
nects it with the supply pipe from the cistern, 
since the flow of water may then be regulated once 
for all by one tap or clamp, the other being used 
only for stopping and starting the stream. The 
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copper still should be furnished with a lid screwing upon 
its mouth for convenience in removing the deposit which 
collects within, and into this lid should be fastened 
a brass tube carrying a screw union by which the tin 
condensing pipe may be fastened steam-tight to the 
still. 

The advantage of this apparatus lies in the fact that 
the still is constantly supplied with the hottest water 
from the condenser through the lateral tube, and that 
when the apparatus has been properly fitted up and the 
supply adjusted, it requires no attention whatever except 
lighting and extinguishing the gas under the still, and 
turning the water supply on and off when the distilla- 
tion is started and stopped. It is advisable occasionally 
to remove the incrustation from the interior of the still, 
and from the supply-tube connecting it with the con- 
densing vessel. 

The wooden stand for the still and storing jar is con- 
veniently fitted with shelves and doors to serve as a store 
cupboard. 

Such a copper-still, twenty-three inches in circumfer- 
ence below and eight inches in height, when filled to a 
height of four inches and heated by the largest Bunsen 
burner, yields two litres of distilled water per hour. | 

In laboratories which require a larger supply of dis- 
tilled water than can be furnished by the above ap- 
paratus, a copper still of several gallons capacity may be 
set in masonry and heated by a small furnace fed with 
coal, coke or gas. The overflow from the still-tub 
should then pass into a small cistern, the overflow pipe 
of which keeps its water surface level with that required 
in the still: and the still is supplied with hot water by 
connecting it with the cistern by means of a tube bent 
downwards in its middle so as to prevent the backward 
passage of water from the still to the cistern. 

The purity of distilled water may be ascertained by 
the tests described in remark 41 (552). 

The steam oven is a small oven of sheet-copper, which 
is used for drying substances at a temperature not ex- 
ceeding 100° C. If such ovens are not heated by steam 
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from a separate boiler, one or more of them should be 
heated by boiling water in the space between the oven 
itself and a copper casing which surrounds it (Fig. 49). 
The outer casing often has a circular opening cut in the 
top, which serves as a water-bath: this is covered by a 
lid when not in use. The level of water in the jacket 
eis. ay, may be maintained 
constant by a little 
contrivance shown in 
section at ¢: a small 
reservoir communicat- 
ing by a lateral tube 
with the space between 
the oven and its jacket 
is constantly replen- 
ished by water which 
drops into it from the 
supply tube (d); the 
overflow of this reser- 
voir is a central tube, 
the end of which terminates just above the level of the lat- 
eral tube. ‘The outlet for steam (f) may be turned down- 
wards, so that any water formed by the condensation of 
the steam drops into the reservoir (c), or it may be made 
to communicate with the worm of the still, when the es- 
caped steam will be condensed into distilled water. 

The steam oven should, if possible, be supplied with 
distilled water, as the formation of a troublesome incrus- 
tation in the interior is thus prevented. A raised vessel 
of distilled water may be connected with the supply pipe 
(d), and the overflow is collected and occasionally re- 
turned to this supply vessel. 

Or, better still, the escape pipe (f ) may be turned up- 
wards and connected with along vertical or oblique tube, 
which will condense the escaping steam and return it to 
the oven, thus obviating the necessity of a constant sup- 
ply of water: in this case the water in the oven should 
not be boiled too furiously. 


536.] SILVER RESIDUES. 331 


RECOVERY OF SILVER AND PLATINUM 
FROM THEIR RESIDUES. 


Any waste scraps of platinum or silver wire or foil, 
as well as the precipitates obtained in the processes of 
analysis by the addition of solution of AgNO, or of 
PtCl,, should not be thrown down the sinks, but should 
be placed in two large jars specially reserved for them, 
and labelled silver residues and platinum residues re- 
spectively. The reagents may be obtained from these 
residues occasionally by the methods described below. 


SILVER RESIDUES. 


536, Some HCl is poured into the jar containing the 
silver residues and is thoroughly mixed up with the 
liquid: the precipitate is then allowed to subside, and 
after the decantation of the liquid is thoroughly washed 
by decantation (31); it may then be treated either by 
Method 1 or 2. 

1. The wet precipitate is rinsed into a flat, shallow 
dish and the layer of water is acidified with H,SO,: 
strips of Zn free from Pb are then laid upon the silver 
precipitate, and the whole is allowed to stand quietly for 
several hours. The black, spongy mass which remains 
is metallic silver; it is separated from any remaining 
Zn, and is then thoroughly washed until it is free from 
H,SO,. 

This metallic deposit is dissolved by heating it with 
pure strong HNO,, previously diluted with its own 
measure of water. The solution is evaporated to dry- 
ness, the solid residue is dissolved in water and once 
more evaporated to dryness to remove free acid com- 
pletely. The solid is then dissolved in the proper pro- 
portion of water to give reagent 48(551). Any residue 
insoluble in HNO, is returned to the silver residue 
bottle. 
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2. The well-washed precipitate. obtained from the 
silver residue bottle may be filtered off and dried, then 
mixed with twice its weight of a mixture of K,CO, and 
Na,CO, in equal proportions. This mixture is trans- 
ferred to a clay crucible and fused in a furnace: after 
having been kept in the fused condition for four or five 
minutes, the crucible is removed and its bottom is tapped 
several times on a brick to cause the melted globules of 
Ag to unite. When the crucible is cool it is broken up; 
the button of Ag at its bottom is removed, well washed 
and converted into AgNO, solution, as is described in 
the preceding paragraph. 


PLATINUM RESIDUES. 


537. The liquid is shaken up with the precipitate 
and evaporated to dryness in a porcelain dish, and the 
residue is heated strongly for some time: when the dish 
is cool, water is poured upon the residue and boiled with 
it, then decanted off: solution of oxalic acid is then 
poured into the dish and evaporated to dryness, and the 
residue is once more ignited strongly. The residue of 
metallic Pt is thoroughly washed with boiling water, 
and is then dissolved by heating it with HCl, to which 
one-third its measure of HNO, has been added; the 
solution is evaporated to dryness over a water-bath. 
HCl is then poured in, and the liquid is once more 
evaporated to dryness and heated for some time on the 
water-bath; this residue when dissolved in water forms 
reagent 28 (551). 

Any waste scraps of platinum foil and wire should 
be carefully preserved, and, after having been cleansed 
by boiling them with HNO, and then washing well 
with water, they may be dissolved in HCl and HNO, 
and solution of PtCl,, prepared as is described above. 
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CHEMICALS AND REAGENTS. 


In the following paragraphs general directions are given for 
the preparation of reagents and test substances required in the 
preceding analytical course. Tabulated lists of the names and 
formulze of these substances follow, a reference number being 
attached to each, and certain necessary details concerning its 

reparation and the tests for its purity being also supplied. 

ists of the chemicals required for the experiments in Sections 
I. and II. and certain special reagents for detecting the rarer 
elements and organic substances are also tabulated. 

Samples of substances for analysis are given in 558-561, and 
information concerning atomic weights, thermometric scales 
and English and French weights and measures, is contained 
in paragraphs 562-564. 

The pure chemicals required in analysis are readily pur- 
chased, and it will be found more economical as a rule to buy 
than to prepare them. 

The preparation of the solutions, and the dilution of acids 
and other liquids should, however, always be performed in the 
laboratory, since this lessens cost both of purchase and of car- 
riage. 


538, Many reagents and test substances must be dis- 
solved or diluted for use. As these processes of solution 
and dilution must be constantly carried out in a labora- 
tory, it is important that the methods employed should 
be as simple and rapid in execution as possible, and that 
the labor should be minimized. : 

It is also of great importance that the solutions should 
be of appropriate strength. It is usually advisable that 
the same liquid should be of different strengths when 
used for a reagent and as a test solution. In either case 
a strength can be selected which generally yields the 
most satisfactory results: if the solution is stronger than 
this, chemicals are wasted ; if it is weaker than this, the 
reaction is not satisfactorily obtained. Hence it is ad- 
visable to prepare these liquids for the student rather 
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than to leave them to be prepared doubtfully or waste- 
fully by him when required; and in order to reduce the 
labor of preparing solutions to a minimum, it is well to 
make each in some quantity and to keep it in stock. 

The apparatus required for preparing solutions in- 
cludes— 


A common pair of scales, with earthenware slabs and beam 
below. 

A more delicate pair of ordinary scales. 

A set of brass weights from one kilogram to one gram. 

A strong glass cylinder to deliver one litre, and with gradua- 

tions for every five or ten cubic centimetres (c.¢). 
Several large, wide-mouthed gallon jars, some of stoneware or 
earthenware, others of common green glass. 

Several large funnels of glass or Wedgwood ware. 

A convenient store bottle for liquids is the well- 
cleansed Winchester-quart, in which acids and other 
liquids are constantly supplied to the laboratory. 

The process of preparing liquids is naturally divided 
into the dilution of liquids (539), the solution of solids 
(540) and the solution of gases (541). 


DinuTion oF Liqurps. 


539. In the lists which follow, the proportions by 
measure in which liquids are to be mixed with distilled 
water are stated. Liquids may be mixed in these pro- 
portions by measuring them before they are mixed; but 
the process is often simplified by measuring the height 
from the bottom of the cylindrical vessel in which the 
mixture is to be made to the level which the mixture is 
to reach: this height is then divided in the requisite 
proportion, and the division is marked by a file or a 
diamond, by a painted line, or by an india-rubber ring. 
The liquids are then filled in and thoroughly mixed. 
The mark once made will always serve for diluting the 
same liquid again in this vessel. 

Thus dilute HCl, No. 2 (550), is made by mixing strong 
HCl with three times its measure of water. The height 
of a Winchester-quart bottle to its shoulder was found to 
be eight inches; a mark was therefore made on the bottle 
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two inches from the bottom, strong acid was poured in 
until it reached this mark, the bottle was filled to the 
shoulder with distilled water, then stoppered and shaken, 
and was thus quickly filled with dilute acid of the re- 
quired strength. 

This method serves for numbers 2, 3, 4, 6 and 7 (550) ; 
in the preparation of dilute H,SO, special precautions 
are necessary, because the strong acid becomes intensely 
heated by dilution ; see remark 1 in paragraph 550. 


SoLUTION OF SoLIps. 


540. In the lists which follow there is always placed, 
in the: fourth or fifth column against each solution of a 
solid, the proportion of solid te water to be used in 
preparing it. In some of the tables the fourth column 
gives the number of grams of the solid to be dissolved 
in the Winchester-quart of water. This number is 
derived from the proportion of solid to water by con- 
sidering that an average Winchester-quart bottle filled 
about an inch above its shoulder holds 2400 c.c. (cubic 
centimetres) or approximately 2400 grams of distilled 
water. In a similar manner the weight of water held 
by any other bottle or vessel may be obtained with 
sufficient accuracy for this purpose by measuring its 
capacity in c.c., and counting this number as the weight 
of water in grams. 

Thus the strength given for the AmCl reagent solu- 
tion, No. 5 (550), is 1: 8, as is shown in the fifth col- 
umn; this means that a given weight of water must have 
dissolved in it one-eighth its weight of solid AmCl; and 
since a Winchester-quart bottle holds 2400 grams of 
water, one-eighth of 2400 or 800 grams of AmCl must 
be dissolved in this water to obtain a solution of the 
required strength. 

Pure solid chemicals are usually sold in the crystalline 
condition: hence it may be assumed that the crystalline 
substance is to be used unless a, which signifies amor- 
phous, is placed against the name in the first column in 
the table. 

If a small quantity of a finely- powdered solid has to 
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be dissolved, or if the solid is extremely soluble in water, 
the solution is often most simply made by introducing 
the weighed solid at once into the water contained in a 
stoppered bottle or beaker, and shaking or stirring until 
solution is completed. This method is successful with 
No. 10 (550), with Nos. 28, 34, 38, 48, 53, 61, 63, 70, 
77, 78, 81 (551, 552), and with many of the substances 
in 553, 554. 

For dissolving large quantities of solids two methods 
are described below: the former (541) is useful when 
the solution must be rapidly prepared, but the latter 
(542) is decidedly preferable for many reasons, and 
should always be employed if possible. 

541, Mrernop I.—Weigh out the required quantity 
of the solid substance, and heat it with distilled water 
in a large porcelain dish over a Bunsen burner with a 
rose- top, or over a Fletcher burner; this solution would 
often crystallize on cooling; hence it should be at once 
poured into some cold distilled water contained in a 
large beaker, which has been marked to show the quan- 
tity of liquid required to fill the store bottle. While 
pouring off the liquid press a wet glass rod, held verti- 
cally, against the lip of the dish, and let the bottom of 
the dish touch the top of the beaker. These precautions 
will prevent the liquid from running down outside the 
beaker. 

Dilute this with distilled water to the required vol- 
ume, mix well by stirring, and if the solution is turbid, 
let it stand covered from the air until it is clear; then 
pour it off into the store bottle, carefully leaving the 
sediment behind. If the liquid is wanted in haste, it 
may be filtered into the bottle: the coarse, brown French 
filter paper is useful for this purpose, since it is strong 
and porous: the liquid should be filtered before diluting 
it to the full extent, as the quantity to be passed through 
the filter is thus lessened and time is economized. 

This method is of general application in the solution 
of solids. 

542, Mernop IJ. depends upon the fact that the 
specific gravity of water becomes higher as the quantity 
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of solid dissolved in it is increased ; hence if the solid is 
immersed in the water near its surface, a circulation is 
produced by the constant sinking of the water which 
has been in contact with the solid and by dissolving 
some of it has increased in specific gravity, this being 
replaced by the comparatively lighter liquid from below. 
This circulation of water over the solid substance gradu- 
ally dissolves it without the use of heat, and the process 
requires no attention after it has once been started. 


1. The most simple method of applying this principle 
is to lay the weighed solid upon a piece of dry, well- 
washed muslin, then tie this up into a little bag and 
suspend it in the upper part of the water contained in a 
jar of common stoneware or earthenware or of thick 
green glass. A glass rod placed across the mouth of 
the jar serves to hang the bag upon. The process of 
solution by this method is very rapid. 


2. Or a glass cylinder A (Fig. 50), which is open at 
both ends, such as a broken beaker, flask or bell-jar, 
may have one end covered with muslin, 
which is fastened on by an india-rubber 
ring and is shown by the lower dotted 
line: this cylinder, with a muslin bot- 
tom, is supported in the jar by means of 
two pieces of glass rod or tube, bent as 
is shown at ccc. Distilled water is 
poured into the jar until it buries the 
muslin to the depth of about half an 
inch; the weighed substance is then 
placed in the cylinder and the whole is 
allowed to stand until the solid has been 
dissolved. With large quantities of sub- 
stance this will usually require several hours; with 
smaller quantities, about twenty minutes or half an hour. 

3. A convenient substitute for the glass cylinder with 
muslin bottom is an earthenware colander (Fig. 51). If 
the jar is too large, a stoppered bottle of suitable size 
may be placed in it to raise the water level sufficiently 
to reach the substance. 

30 
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The processes of solution and filtration may be per- 
formed simultaneously by laying a piece of filter paper 
on the bottom of the colander, or upon the muslin before 

fastening it on the cylinder; even the 
Fic. 51. coarse grey paper will, however, consid- 
ye crably retard the process of solution. 

Large quantities of substance are most 
readily dissolved by starting the process 
over night; the solution will then be 
completed by the morning. In this case 
the retardation caused by the filter paper 
will be immaterial; but the paper is 
usually unnecessary, since any fine par- 
ticles which have passed into the water 
will have settled, and the liquid can 
therefore be easily decanted from the sediment. 

It must be borne in mind that the volume of the 
water is increased by the solution in it of many salts, 
and especially of such salts as contain water of erystalli- 
zation; hence the quantity of water placed in the jar 
must be less than the volume of solution required, and 
the liquid is made up to the required volume after the 
solution has been effected. 


545. Preparation of saturated solutions.—A solution 
is said to be saturated when it contains the largest 
amount of the substance which the liquid can dissolve 
at the temperature of the solution. The quantity which 
can be dissolved usually varies widely with the tem- 
perature, and in the case of a solid commonly increases 
with rise of temperature. Saturation at ordinary at- 
mospherie temperature is always implied below. 

The methods described in 542 are very convenient 
for the preparation of saturated solutions; the solution 
is known to be saturated when the solid supplied to 
the upper part of the liquid ceases to be any further 
dissolved. 

In the case of a finely-powdered substance, which 
remains long suspended in water, a saturated solution is 
also easily obtained by shaking up well with water, 
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allowing the powder to subside and decanting the clear 
solution. ‘The following solutions will serve as illustra- 
tions : 

1. Calcium sulphate solution, No. 16 (550), is made 
by filling a Winchester-quart up toits shoulder with 
distilled water, then pouring in- some plaster of Paris 
powder, stoppering the bottle and shaking it well. The 
liquid will remain milky for a long time, and since the 
water is thus kept in contact with a large surface of the 
solid, it will become saturated with CaSO, before the 
powder has settled. As soon as the liquid has become 
perfectly clear by settling, the solution is decanted into 
another bottle for use; the sediment remaining in the 
first bottle is again shaken up with water and the bottle 
is set aside; it will thus furnish a fresh supply of the 
clear solution when required. 

2. Lime-water, No. 57 (552), is prepared by introduc- 
ing freshly slaked lime into a Winchester-quart bottle 
filled to its shoulder with tap water, and proceeding pre- 
cisely as in the preparation of calcium sulphate solution 
described in the preceding paragraph. 


SoLUTION OF GASES. 


546. Many gases which are more or less soluble in 
water are most conveniently applied as reagents in the 
dissolved condition, Those which are most frequently 
used can be readily and cheaply purchased, such as am- 
monia solution, No. 6 (550), sulphur dioxide solution, 
No. 49 (551), and hydrofluosilicic acid. Of the remain- 
ing gaseous solutions mentioned. below, sulphuretted hy- 
drogen solution should be kept in readiness, but the gas 
may be passed through the solution instead ; nitrogen 
tetroxide solution is replaceable by a freshly acidified 
solution of potassium or sodium nitrite, and as a substi- 
tute for chlorine water either bromine water or freshly 
acidified solution of bleaching powder may be em- 
ployed. 

It will be seen, therefore, that the preparation of gas- 
eous solutions is by no means indispensable. 

All the solutions mentioned below should be prepared 
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in the open air or under a good draught, since the gases 
have an unpleasant smell and are injurious when in- 
haled. 


Each gas is made to pass from the generating appa- 


ratus down a delivery tube (ab) to the 
bottom of some cold distilled water con- 
tained in a bottle, which can be closed 
by a well-fitting stopper (Fig. 52). 
The water is kept cool, if necessary, by 
immersing the bottle in a pan of cold 
water. Bubbles of gas are thus made 
to pass in a rapid stream through the 
whole height of the liquid, and a por- 
tion at least of each bubble will be 
dissolved. 

The solution is saturated when the 
gas is not further dissolved: this may be judged in some 
cases by observing whether the bubbles cease to diminish 
in size during their ascent through the liquid: but a 
better test of saturation consists in withdrawing the 
delivery tube, then at once closing the bottle with the 
stopper or the thumb and shaking it well: if a pressure 
is felt from within, due to the liberation of some of the 
dissolved gas by the agitation, the solution is saturated : 
but if suction from within is felt, due to the solution of 
the gas filling the upper part of the bottle, the liquid is 
not yet saturated with the gas. 


1. Saturated solution of sulphuretted hydrogen, No. 36 — 


(551), is made by passing the gas from the apparatus 
deseribed in 534 through water, as is described above. 
The solution should be prepared in small quantity only, 
as the gas in solution is decomposed by the oxygen 
dissolved from the air with deposition of sulphur. 

2. Saturated sulphurous acid solution, No, 49 (551), 
is prepared, as is described above, by saturating water 
with sulphur dioxide made in an apparatus such as is 
shown in Fig. 53 by the process described in 23. ‘This 
solution is kept in stock for pharmaceutical purposes, 
and may therefore be readily purchased. 

3. Chiorine water, No. 60 (552), is made by passing 
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chlorine from the apparatus shown in Fig. 53, and pre- 
pared as is directed in 21, into cold water until it is 
bright yellowin color, 
if not saturated. The Fig. 53. 
solution is rapidly | 
altered by light into 
one of hydrochloric 
acid with escape of 
oxygen: it must there- 
fore be kept in a per- 
fectly dark cupboard 
or the bottle must be 
shielded from light by 
an opaque covering. 
For many purposes 
bromine water, No. 43 (551), may be substituted for 
this reagent, and is much more easily prepared and pre- 
served. Or a little bleaching powder may be shaken 
up with water in a test-tube, and this when acidified will 
contain chlorine gas in solution. 


4, Nitrogen tetroxide solution, No. 71 (552). Lead 
nitrate in dry powder 
is heated in a test-tube Fie. 54, 
fitted with a cork and 
delivery-tube (Fig. 
54), and the red 
fumes which escape 
are passed into dilute 
H,SO,. Care must be 
taken to maintain the 
heat uniformly after 
the fumes begin to 
be evolved, else the 
liquid may ‘be sucked 
back into the hot tube by the contraction of the gas on 
cooling; and for the same reason the delivery tube must 
be removed from the liquid as soon as the heating is 
stopped. 


5. Hydrofluosilicic acid, No. 35 (551), is made by 
30* 
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passing silicon fluoride gas into water. The gas is pre- 
pared in a flask fitted as is shown in Fig. 53: into this 
flask an intimate mixture of 50 grammes 

Fie. 55. of dry, pure, finely-powdered fluorspar 
with 50 grammes of fine white sand is 
poured ;-300 grammes of strong H,SO, 
are then introduced through the funnel 
tube, and the acid is mixed with the pow- 
der by shaking it round in the flask; the 
gas evolved on gently heating the flask 
with the flame from a rose-burner is made 
to pass first through the bottle B (Fig. 
53), which must be empty and dry inside; 
thence it escapes through a bent tube, a b 
(Fig. 55), which is fitted upon the outlet 
tube of B by an india-rubber joint: the 
end of the tube (a 6) is made to dip into mercury con- 
tained in a small beaker, d (Fig. 55), which stands in a 
large beaker containing 400 c.c. of water. 

As soon as the silicon fluoride gas comes into contact 
with the water, after escaping from the mercury, it is 
decomposed into hydrofluosilicic acid, which dissolves in 
the water, and silica, which remains suspended in the 
water as a gelatinous mass; the silica would very soon 
close the end of the delivery-tube (a b) if it were not 
protected from contact with water by being immersed in 
mercury. 

As the current of gas slackens the heat is raised, until 
white fumes of H,SO, begin to appear in the preparation 
flask ; the process is then arrested and the gelatinous 
silica is separated from the solution by squeezing the 
liquid through fine muslin and then filtering it if it is 
not quite clear. The silica may be dried, heated strongly 
in a porcelain dish and put by in a stoppered bottle as 
Reagent No. 86 (652), for which it serves admirably. 
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STORE JARS AND BOTTLES. 


547, As store jars for large quantities of solid chemi- 
cals, the broad-necked common green glass jars with flat 
stoppers, which are used for preserves and confectionery, 
may be employed. They are very cheap and strong, 
and present the advantage over stoneware jars that one 
sees at a glance the quantity of material they contain. 
The stoppers exclude dust and can be at once made air- 
tight by fastening a cork ring around their lower part: 
it is, however, only necessary in the case of very few 
chemicals to exclude air perfectly. These jars can be 
purchased in several convenient sizes. Solids are readily 
removed from them by means of wooden spoons. 


The little white glass honey-jars with glass caps serve 
well for keeping smaller quantities of solids, and can be 
similarly made air-tight by means of a cork strip. These 
jars serve for storing the solid powders which are re- 
quired for analysis in the laboratory (559-561), their 
necks being of the requisite breadth for inserting a watch 
glass. 


Well-made German white glass bottles can be pur- 
chased for the reagents and test solutions ; these bottles 
have flat-headed stoppers, which protect the lip from 
dust, and each stopper has been ground into the bottle 
so as to insure its fitting; stopper and bottle are then 
prevented from permanently parting company by having 
an identical number etched upon them. 


The liquid bench reagents (550) may be kept in 
narrow-necked bottles of 6 or 8 ounces capacity, and 
the solids in 4-ounce broad-necked bottles; whilst the 
special reagents (551, 552) should be in 12-ounce bottles. 
The test solutions (553, 554) require larger bottles of 
about 32 ounces capacity: they may be kept in stock in 
Winchester-quart bottles. 


The bench reagent solutions may he conveniently kept 
in stock in an accessible position in the laboratory in 
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large white glass jars with glass taps below: these taps 
are ground into a tubulure near the bottom of the bottle, 
and after they have been inserted perfectly dry are 
fastened by a thick coating of paraffin wax. The plug 
and seat of the stopper require to be occasionally thor- 
oughly dried and greased. This arrangement of the 
stock enables each student to fill his own bench bottles 
when necessary. 

Accurately fitting stoppers should not be used in 
bottles containing solution of KHO or NaHO, as they 
are certain to be set fast: a loosely-fitting stopper or a 
glass marble placed on the neck obviates this difficulty, 


LABELLING BOTTLEs. 


548, Every bottle in use in the laboratory should be 
labelled as permanently as possible; beginners are much 
assisted if the label bears not only the name but also the 
chemical formula of the substance contained in the bottle. 
It is also extremely convenient to legibly number each 
bottle in its series, this number serving as a short means 
of reference and also helping to keep the bottle in its 
place, so as to enable it to be easily found: this is made 
more certain still if the edges of the shelves are num- 
bered to correspond with the bottles which should stand 
on them. The gummed labels should be stored in a 
dry place. 

After the whole surface of the gummed label has been 
carefully made to adhere to the bottle by pressure with 
a clean cloth, and it has been allowed to dry thoroughly, 
it should be brushed rapidly across with an ordinary 
broad, flat and stiff gum brush, which has just been taken 
out of a little dish of melted paraffin wax. A thin 
coating of the wax is thus laid on, which should entirely 
cover the label and project for a short distance beyond 
its edge upon the glass surface. A little practice will 
render it possible to lay on an even layer of the wax 
which does not penetrate and grease the paper. If the 
paraffin be heated only slightly above its melting point, 
it will set too rapidly to grease the paper. 
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This paraffin varnish, if properly applied, perfectly 
resists the action of water, acids and alkalis, and, in fact, 
can only be removed or injured by mechanical means, 
by heat or by such solvents as ether and turpentine. 


Bottles containing the strong mineral acids commonly 
have ordinary labels etched upon their surface, but this 
is unnecessary, since the paraffined paper label stands 
perfectly well. Names and formulz painted on bottles 
with Brunswick black are also very permanent in the 
laboratory. 


LISTS OF REAGENTS AND CHEMICALS. 


549. In the following lists (550-554) will be found 
each reagent and test substance required in the analytical 
course. In the first column is a number which may be 
used for short reference, and which serves to keep the 
bottle in its place and to find it when required: in the 
second column stands the name and in the third the 
chemical formula of the substance; while the subsequent 
columns give the strength of the solution and details of 
its preparation, in cases to which the general methods 
described in 539-545 do not strictly apply. 


An “s” following the reference number in paragraphs 
553, 554 means that the substance is required in the 
solid state as well as in solution, and some of the solid 
in powder should be placed in a 4-ounce bottle and kept 
near the solution. 


The directions for preparing liquid reagents have been 
already given in 539-546; it is only necessary to add 
that in stating the proportions of solid or liquid to water 
required for the solutions the water always stands last, 
and that m signifies proportion by measure of liquids 
and w proportion by weight of solids to water. 
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550.—REAGENTS REQUIRED 


1 2, 3. 
Reference Name. Formula. 
number. 


[The numbers in brackets refer to remarks corre- 
spondingly numbered in the sixth column. ] 


Liquids 

gees Sulphuric acid (1). . 2. . ini mips acres mie eeaaieaine eS g 6.6. ce Sesaee ae 
2 ....| Hydrochloric acid (2)....... 5 ae eo eo ed ee ee aig 
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ES sss fe ty|- Hepatic disodic phosphate, ior 7+... + lelevalle ete NagHP04.12H,0 .... 

‘ Hydrogen disodium phosphate 

Na2C003.10H20 (crystals) 
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Solids. 
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* This reagent undergoes decomposition by exposure to light and must not be kept near a win- 
t Hydrogen sodium ammonium phosphate (NaAmHPO), solution serves better for precipitation 
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FOR EACH BENCH. 


4, 


5. 


Weight of solid in grams | Proportion of 


to be dissolved in one 
‘* Winchester’’ of wa- 
ter, 


| Saturated solution (545,1) 
FE) ea as 


In small crystals. 


Blue and red litmus and 
turmeric papers in 
small strips. 


solid by weight 


6. 
Remarks. 


(w.) and liquid | [The small numbers refer to corresponding num- 


by measure (im.) 
to water. 


bo 


a ee ee ee ee ee ee 
bo 
rq 
5 
FJ 


Po 9 hs 


i 


te 


8. 


9. 


SA Re A ER RS 


bers in the second column. | 


Pure strong H,S0, must be poured in the 
proper proportion into water contained in a 
large thin beaker or an earthen jar, constantly 
stirring the water all the time; the right pro- 
portions are obtained by measurement of the 
height of the vessel (539). The hot liquid is 
cooled by immersing the vessel in cold water, 
and is then poured into the store bottle. If 
the acid is pure, no white precipitate (PbSO,) 
forms during dilution. 

Must be colorless, and give after dilution no 
precipitate with either BaCl, or H.S. 

Must give no precipitate after dilution, with 
BaCl, or AgNOs3 added to separate portions. 

Must give no precipitate with BaCl. 

Must give no precipitate or coloration with 
Am.S. 

Must give only a very slight precipitate with 
lime-water, no coloration with Am.8, and 
separate portions acidified with HNO , must 
give no precipitates with BaClp and AgNQs. 
“ Liquor ammoniz fortissima,” of 880° specific 
gravity, is bought. 

Must be yellow, and give with acids H.S and 
a white precipitate of S; it must give no pre- 
cipitate with solutions of Ca-or Mg salts. 

The solid AmsCOg is dissolved by the second 
method (542) in cold water, but in diluting, 
one-fourth of the “ Winchester’? must be filled 
with strong AmHO. 

a give no blue precipitate with Fe,Cl, solu- 
ion. 


10, Must yield no precipitate with AmHO. 
11. Dry finely-powdered ‘bicarbonate of soda.” 


It must, after having been dissolved in excess 
of HNOs, give no precipitate with BaCl, or 
AgNO, or AmHMo0, (277), and if evaporated 
with excess of HCl must leave no residue in- 
soluble in dilute HCl (291). 


12. The borax is best dried by heating in a plati- 


num or porcelain dish until after melting it 
has again become solid ; this solid mass is then 
finely powdered in a mortar and kept in a 
stoppered bottle. 


SS 


dow ; it is better to dissolve a fragment of the solid each time it is required. 
of Mg than does NagHPQ, solution : it is prepared of the strength givon above for Na,HPO,. 
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551.— REAGENTS FOR GENERAL USE, 


Except in large laboratories, it will be unnecessary to keep these 
contained in the laboratory may be made up to the right strength as 


§ 


i. 2. 3. 
Name. 
Reference | [The small numbers in brackets refer to remarks cor- Formula. 
number. respondingly numbered in the fifth column.] 
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31... .{| Acid sodium tartrate, hydric sodic tartrate () .. . NaHT.H.0.....-. 
NaHC,H,0,.H,O > ore . 
ee Ss BRAKOG, MG (880 iacie wel cise 4 <6, ee Tere Roe Ca(HO)}9 4-4-2 SS via ee 
88 ees 5) | Ac etb acld: Pater cd 5 ees cas eos . «| HA or H0,H0. 2 5 oe 
BE ocd apse oO DONO RILUNERLO (8) le eee ee sh wan ye: pee wre «« a:] 7COGNO3)9,6HgO: 62). ae 
BBs si ss gts AA OL OMMORCIC BIG: (8) cies eb ae py ee - + +] HpSiFg.... 2... 
Sulphuretted hydrogen solution : 
ie sutees Hydrogen sulphide } @). +++ +++ +] HSsolution...... 
H,0.2H,0 
Bisa Oxalic acid. oe eee eee eee eee fg Seo oa 
See ce ok OLASBIUNY BUAPHOUY ANUS 6%, os sso secle Weel KOS - 5. sie 
SO. Say, OLA THETACO son ss penis ee 3 6 aoe te eck 24 INOS le =, ee 
PbAg.3H,0 } 
ee bolo SOL COMBED (2) '5g:0-\ 5 lat. aie Sat Oe eee Gee ie eae Pb(CyH0s)p.3H,0 oan | 
Ao ee) Bodiam acetate i525 hesceons ose teren Fea 
NaC.H302,3H,0 j 
42°. 3: | , Potassium: cyanide:(*%) ..-. s =< eds) ae oo el | OO ey a ee 
Ae co, Broming- watee2)) fot girs eee ees ¢ & 0, 6 | 7 DESWEGAE cpap eas eee 
ia se ea a Stamnes thieride (28) ore ois BL Werle aitens SnOly.2HeOs. sic cs ues 
BE oe rs | OPPO Aa) 6 aa week x ei eeieia Bee Ie 8 te pee eet ae OW own. oe; 5 seabae sae | 
ee ee ae pease i eet ) 
BP ee 27 ROBES, 5 isles Han ieh ecto Mee ets eters Ge are ee B63 Swine eae eee . 
Te geet ais 1 ig ols 31 9 4 0: Seer eee set atl che nar no ai ARNOS occa sna Soca | 
292-2 ca). BULPDUROUS BOO. .- 55) on cee oe ew 8 eee laf eg ORee aya : 
Boe. | Capper bulphatescao, ie Bios, <7 oe eee, vas «if OURO goEeO eye nnaieam 
Bees ao. BOOM BULDHALG 'y c4 3/5, "ol ohms cag oo 6 of UMGSOCTRO! eect . 
BO gr ine (ig )|: MLOPCUIIC CRLOMIOO “ord: ofa neice. ce Pavel wer eee 8 iets Ste 
BS pio, Gold:chlorid6: Sistine tts. a hee eee ele oe | AROS) Sc a ts eee ee 


* See last column or the preceding page. 

+ Must be used in very small quantity only, being an expensive reagent. 

¢ Sodium hypochlorite (Na,Cl,O), the “ Liquor Sode Chlorinate”’ of commerce, 
may be used, but does not keep well. 
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reagents in store in quantity. The 12 oz. bottles in which they are 
soon as they are empty by the proportions stated below in column 4. 


Sl a ae es 
4 


Proportion by weight of 


=< Cl 


solid to water: 


and 


weight in grams for 
a 12 oz. bottle in 
square brackets, 


. . . Strong pure. 


; 1:30 [15 grams]. 


oe “ 


. Strong. 


- 1:10 [45 grams]. 


. Solid 


Strong. 


1 : 12 [40 grams]. 


5. 


Remarks. 


[The numbers in this column refer to those in brackets in 
the second column. ] 


17. Must be colorless and form no brown ring when poured below 
some FeSO, solution (247). 


18. Strong rectified methylated spirit which must leave no residue 
on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetabl:: 
growth forming in it: or, better still, some crystallized H,T 
should be dissolved when wanted. 

20. Dissolve 10 grams of H.T in 100 c.c.* of water, divide this 

, Solution into equal parts, exactly neutralize (34) one part by 
heating it nearly to boiling and stirring in solid Na,CO, in pow- 
der ; add to this the other part, cool and dilute to 150 c.c. A 
few drops of carbolic acid should be added to the solution. 


21. Pieces of freshly-burnt lime are placed on a plate, and water 


- See 546, 5. is poured upon them until they begin to appear moist on their 
surface ; the superfluous water is then drained off, and as soon 
- « See 546, 1. as the lime has crumbled to powder, it is placed in a broad- 


- 1:12 [40 grams]. 
1: 100 [5 grams]. 


mouthed stoppered bottle. 


22. The bottleshould be closed with a loosely-fitting india-rubber 
stopper, perforated, and with a glass tube passed through it and 
dipping into the solution; when a drop of the solution is re- 


« we OOlid, quired, the upper end of the glass tube is closed by the finger, 
and a drop is delivered from the opposite end by slightly relaxing 
- . « 1:12 [40 grams]. the pressure of the finger. 
23. The solution must give no precipitate with Sr(NQ3),. solu- 
: tion. 
a2 = Role 24. This solution must not darken on adding AmHO. 
. Solid. 25. A little HA must be added to this solution to make it clear. 


1 : 12 [40 grams]. 


1: 100 [5 grams]. 
See 546, 2. 

1 : 12 [40 grams]. 
1 : 12 [40 grams]. 
. . 1:20 [30 grams]. 
1: 30 [15 grams]. 


26 Solution of KCy is made (1 : 12) ; it decomposes so readily that 
the solution is best made immediately before use by heating a 
small piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnCly should be dissolved by heating them with 
water containing some HCl; the solution should be kept ina 
well-stoppered bottle containing pieces of granulated or block- 
tin. 

29. In strips cut from thin copper-sheet. 

30. In strips or rods, or granulated ; it must be proved to be free 
from As by 181, 182 or 183. 

31. Common knitting-needles broken into short lengths and | 
kept in a bottle containing pieces of quicklime to prevent 
rusting. | 


=] 


* c.c. is the contraction for cubic centimetre. See weights and measures (564). 


$1 
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552.— REAGENTS FOR GENERAL USE 
Refer to note under 


2. 


Name. 
Reference [The small numbers in brackets refer to correspond- Formula. 
number. ing numbers in the fifth column.] 
De iiesne, |< UML BREE Ag ee at ele MS sais SL tidscans Scyeie Ca(HO)g 1.5... 
OB i049) 5| ae acetate in. potash (88) <2. uo Saco acte: eubae PbA, +KHO 
[st ee Sarees POTasBITI GICRTOMIALS a VG ou eee oe ee Ka OrgOy 6: wlohe twee 
60... . | Chlorine water. .... Sina <iceio ee as tenes iii Clsolution...... 


REL pspins sens ys MOLT OAC MAGES) 5, 0 ues on reese ane her este se neneRns Wog@lg. <<." sileh oskaeme 
Gores ett, Berens sulphate (84) ai sey. ao teen ete FeSO,.7H,0 ..... 


sree cat ie Ait <P OLAERLUIN SOCIO y- Gis oy Shai) ws ace eateeinee i ame Se Gite cere eee 
i Sarees Stare (Po), ve Wee clin vie) Le Rine Rre dance rea Mr iy ree a a 
Ob... 6s Indigo solution (3°) 
66. . . . | Manganese dioxide (87) ..... <td eta etegiaibs MnGOg)s eisegotelees 5 
67. . . . | Potassium dichromate (38) ....... ores KabrOye 2.5: ee 
CBr tee Hither: (methylated) oo seis es) sare! oe euler es (CoH), 
i ere. e Carbon distiphide s 2s. :5) 7s..asaate, soe ec aeee ee C8_ 
BOD Potassium nitrite (99). ..... 3 Farts Te eral TENGE oi 5 eee aes 
fi es ar ei Nitrogen tetroxide solution. ........ ris N20, solution . 2... 
ee ts 6 we Ammonium molybdate (4) ...... whieh ante de (NH4)HMo0, 
Moire acre Calcium fluoride. ..... PRON eT en eee fue CaF, Fr, °; ‘ 
ct eee aes Potassium disulphate. ........-. a KHSO, ... 


Microcosmic salt, or 


= Hydric ammonic sodic eet sein AMET Oo ee 

MGiae nk Wax,! Or paraiin’, as ici oe ae PeeraE OMe ahr ge Sak Se ea ‘ 
ie cee ier |] Ombeitm CHICKS 5.63 se Se ia aoe ese ass CaCl. 6H,0 orbits 
TBE it hse Potassium chiorile ie ers atte Grin. ete . KO ie eae 
re Seas puts) Cel eaten ak pari tert wee sey iste cna LO OG ieee pe Say Gr Moy 


fA Distilled water (#1) ........ eta ie RA H,.O 

Lh Sa Pure sodium hydrate (#), puresoda ...... ° NaHO 
acre cece Fusion mixture: ) 2 sists maeets ears ora te NayC03+KeCOg 
SBr ses Barium: carbonate; (44) ¢isicsa Ss Wee eee BaCO3 
C205 Solution of sodium acetate in dilute acetic acid (4) NaA+HA 
Bb ite 5 Sodium nitrate (4), solid... . 2... 6 tn a ew NaNO; 
BGjis ss Silica, or finely-powdered white sand. (See 546, 5.) SiO, 

CL Opeaies Hydrofluoric acid (#7)... .. apteaet Some eels HF 

(aes a Zinc sulphate. (See No. 111.) 0.0.5 08 see 8 ZnSO4.TH,O 
SONA Calcium carbonate, pure. (See 481.)....... CaCOz 

MUhy aes 5 Ammonium chloride, pure, in powder. (See 481 ) NH,Cl 


Barium peroxide, in fine powder ........ BaOg 


* Nos. 80-91 are certain special 
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the heading of 551. 


4. 


Proportion by weight of 
valid to water: and Remarks. 


weight in grams for a [The numbers in this column refer to corresponding 


12 oz. bottle, in numbers in the second column]. 
square brackets. 


5. 


. . - See 545, 32. To some of the PbAg solution (No. 40) KHO solution is 


added until, on warming, the precipitate at first formed 

. . . 1: 24 [20 grams]. is just redissolved: paper dipped into this liquid isa 
See 546, 3. very delicate test for HS (23). 

mes Bo 33. The solution should not contain any free acid: to re- 

. . . 1: 24 [20 grams]. move acid AmHO is added until the further addition 


. Solid. of a single drop gives a reddish brown precipitate of 
Fe .H,0, in the solution. 

- 1: 60 [8 grams}. 34, Fes, ‘solution rapidly oxidizes in the air, hence the 
. . Solid. FeSO, should be kept in the solid state as small green 
crystals, which should not show a yellow coating in 
id any part: these are dissolved, when required, by 

. + + Solid. crushing and shaking with cold water. 
Tie 9 ANAT 35. Starch solution rapidly changes ; itis best therefore to 


keep the starch as a powder Starch solution is made 
by stirring 2 grams of this powder, which has been 
. . 1: 24 [20 grams]. made into a paste with 10 c.c. of cold water into 100 
c.c. of boiling water and cooling. 
- See 546, 4. 36. Made by dissolving indigo-carmine in water. 
37. Should be kept in fine powder ; it must not evolve Cl or 
. . . In powder. CO, when warmed with strong H2S04. 
. 38. In small pieces, or in powder. 

- In small pieces. 39. The solution is prone to change, and should be made in 
small quantity only : ae must evolve copious red fumes 
when mixed with H2SO,. 

oe. 40. Make the solution with the following proportions :—1l 
gram of Am,Mo0, is dissolved in 12°5 c.c. of strong 


ee 


. . . Solid in pieces. AmHO which has been previously mixed with an equal 

2 gram quantity of water, the solution is allowed to stand (if 

we pasa ee necessary) till clear, then poured off into 50 c.c. of 

1: 12 [40 grams]. strong HNOs: the liquid will become hot, and should 


. In piecesas large asa pea. be allowed to stand untilit is cool before being used. 


40a. The HNO; solution of this salt must yield no precipitate with AgNOx. 

41. Must leave no residue on evaporation ; in separate portions no precipitates 
must be caused by BaClo, AgNO3, or Am,C.0,, neither must any precipi- 
tate or even dark coloration be produced by addition of Am,S. 

42. The proportion by weight should be 1: 10 of water ; itis best kept in green 
glass bottles, as it slowly dissolves Pb from white flint glass. The solution 
must not become dark in color when mixed with HS, nor give a gelat- 
inous precipitate (AlpHO,) when mixed with excess of AmCI solution. 

43. Dry finely-powdered Na,CO3 and K,COs are intimately mixed in the propor- 
tion of 53: 69 by weight, and kept in a stoppered bottle. 

. Pure powdered BaC0; is either purchased, or is made by precipitating BaCl, 
solution completely with Am,CQ3 or Na Coz solution, and washing the 
precipitate well by decantation. This powder is then mixed with distilled 
water to the consistency of thin cream. 

45. Dissolve 30 grams of NaA _in 60 c.c. of distilled water, and add to the solu- 

tion 40 c.c. of strong HA, 

46. Made by neutralizing strong hot Na,CO3 solution with HNO, and evaporat- 
ing in dryness. Sold also as Chili saltpetre. 

47. Purchased and kept in gutta-percha, bottles. 


i‘ 
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Each bottle should bear on its label the number, name, and formula 
near the solutions, containing the powdered solid of each of those sub- 
also carry on their label the name, number and formula of the sub- 


ae 2. 3. 
Reference Name. Formuls. 
number. 


[The numbers in brackets refer to similarly 
numbered remarks in the last column.] 


200.8: °..|" Potassium chloride... > «6 Ss ke oe, we), ww © eel RO gs here 
10l.s. .| Ammoniumchloride......... PPT ee ee 8! Oe ey dem tes, 
102.83. .| Sodinmchloride..... ra or Ta sel baer era fee | 10) Cesare ale 
108.8.--..1: Magnesium: sulphate. oo. sje. 6 specs sales | OO EOrenee oe ree 


106.6 sf Bariam chloride js. 03) 6 25s oSe seis face cote) iw. whe age ag eee 
105. ei: Strontinm nitrates. sss SER ie ere ei ceh wil en Ug a me ere ee 
106. *:. | (Oaletum chloride 0-06 6-056! \6 we » te) oe) wll ok 1) ORO Oa ene 


Alum, or 
pera Aluminium potassium sulphate } i ee 
108;:—.5:|) "Werriechioride® (a): 53%. 5 cies) seas ome mes +0) OGG steno e eee 
109.8. (51, (Perrous sulphate: (49) <0 este See ae ie) a ee eee eee 
Chrome, alum, or 
sora: Chromium potassium sulphate }. cose 0) RCC sae 


lilies, ,| Zine sulphate. . 2.0. eee ee eee eo oo} 6 SNS047HO.. 2. Le 
112.8, .| Manganese chloride (a)... ...-+ e256. -.| MnOle........ 
T1Sis. <, |, Nickel sulphate <0. Goce ait fe ween valle cee (ne) | eee 
P14: 25, |, Cobalt nitrates. 0 4 of Mes te als of CONC eo mRD 

T6.5. ( , | Mereuric: chloride’... fe 5. Se on So whee of ee Ob ane awe 
116.8, . | Lead acetate (). 22... erate Merete oa Ich 0) ho 
Whale <\ Diemuthinitrate: 0) "5, Se ae eee i Bi(NOz)3.5H,0 ... . 
Visa: ~.{| * Copper sulphates Se. 6s. ae wee |) nO eee 


119.8, .| Cadmium sulphate (a) ..... ee ae) ca: Le ie) will eS Ogre Ce aoe ae 
Arsenious oxide (a) (51) ‘ 
120.8, { Solution in dilute HCl eR a) fa 


Arsenious oxide (a) (5%) 


120. . Secty 

Solution in water 
121.8. .| Sodium arsenate. .... e818 Le 8 laces ew -.0 1.0. . 05) UO a eta 
122-6, s.|-|-Antimonions chloride (5) 7 2° 6.67.6 .setees os ve pe DOlas eee eee 
123.6... |./ Stannous chloride (54)4. 54. cate ce ee Os Seana me SnClo.2H,0 .. 2 65) 35 
124, <..| Stannic ghlorid@:(Oey 52. ses) bs ee ees oe ee 
igo; .-|- (Silver Miata a. fw os oe 8. By 18) 0; belle. kel 0 Teme will “|p DAIN Oeia ter lana me 


126. ©. | Mercurous nitrate (5)... 0. wh oe igg(N@s)o HO. 


* a signifies that the solid substance is 
t Solid Sb,O, or K(SbO)T (Tartar emetic) 
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of the substance. Small 4 oz. wide-mouthed bottles should be kept 
stances whose number has a small s affixed toit; these bottles should 


stance. 
4, 5. 6. 
Weight of solid in Proportion by Remarks, 
grams to be dissolved in weight of 
one ‘*Winchester.”’ solid to [These numbers correspond to the small reference 
water. numbers in brackets in the second column. | 
SR arittic: O) Gua sara er wee aes *25 48. The solution must be made acid with a little 
ee Se aes Die es ees H,SO4, and some clean iron nails kept in it, or, 
better, a small quantity is freshly prepared 
ce +1: 50... when required, see No. 62 (552). 
+++ -50.....-+)..1: 50. .| 49, A little HA must be added to this solution to 
Pe eae Serer arin ae ee EO make it clear. 
ee. 200.....-/. .1: 12. . | 50. 25 grams of Bi(NOg)3 must be dissolved by heat- 
ing with 25 c.c. of strong HCl diluted with 25 of 
- + + + 200 (in crystals)). .1: 12.. water; this solution is cooled and poured into 
the bottle, and the measure made up by pouring 
sees 200....--]/..1: 12.. in dilute HCl containing one-twentieth of its 
volume of strong HCl. 
se ee 225,624]. ~1:100. «| 51, Dissolve 10 grams of AsoO3 by heating it with 50 
alee sie Sate a eh iast oiie' e's LOO 6. 6 c.c. of strong HCl mixed with 50 c.c. of water, 
and dilute to the Winchester-quart. 
irra) elec Oe aNbt aS .1: 50. .| 52. Boil excess of As.Og for several minutes with 
2000 cc. of water, and filter into the quart 
eee e Diese ates a. | ete tt 100°. bottle.f 
rama ee ek! .1:100. 53. 28 grains of crystallized SbCl, are dissolved in 25 
c.c. of strong HCl mixed with 25 c.c. of water, 
22 2 50,2 we ee -1: 50.. and diluted to the quart} with HCl mixed with 
ol eats 1, Sea vag aoa kt OO aa four times its measure of water. 

50 E50 54, Boil 25 grams of SnCl,. with 50 c.c. of strong HCl 

ee Ste Serbs Be y mixed with 50 c.c. of water, as soon as it has 
oe 2 (50. . ee ee -1: 50. dissolved to a clear solution dilute to the quart. 
=e Pye C2 A ee ok 206). Scraps of Sn must be kept in the bottle. 

50 1: 50 55, Heat 25 grams of SnCl. with 25 c.c. of strong 
eee iy Ese tamse ie hogan ors ‘ HCl and 100 c.c. of water; whilst constantly 
oe De ee eee -1:100. stirring, add KClo, to the hot solution until the 

liquid turns yellow and Cl is smelt, boil off the 
eens Olan a ot eyes). 5 2D0% Cl and dilute to the quart.t 
56. Dissolve by warming 25 grams of Hg»(NOz)e with 
6c.c. of strong HNO, diluted with 114 c.c. of 
water, then pour water into this solution until 
Steer eas vifes ts 50. . it is diluted to a quart.{| Keep Hg in the bottom 
iene er en estan es <anpiar%e 2s FOO 6: « of the bottle. 


not in the crystalline condition. 
may be used for the blowpipe reaction. { Winchester-quart. 
31* 
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554, SoLUTIONS FOR THE 


Refer to the note at the head of the preceding table, which is also 
amongst the reagents (550-552) and the solutions for the reactions of 


1. 2. 
Reference Name. 
number. [The small numbers in brackets refer to the corre- 


sponding numbers in the sixth column. ] 


1380... .]| Sodium sulphate. .... eS hemee: Siete ete 
Sodium carbonate: (0%). os so ia yeaa ectein se epueie 


gee Marble (calcium carbonate) (97). ......... 
132.8.. . . | § Ferrous sulphide (58)... ..... sae oe 

Ammonium sulphide (58) ..........202. 
133i8... 2: Acid sodium silphite 3. ee ea Moe er ee 
AORN s 6s) MOUs TMIOBULPHOtO =) e.g yew 8 ne ee ee eee 
135... .| Sodium hypochlorite 6%) ...... ie eee ae eaten 
136.8.. . .| Potassium nitrite (a)... ... Rn ee 
BS TSB sc5 2, 65 if ek CURRENT SELLE RUG: ee ee gig ig age gS gree foes 
Uspies.: act} oPotassiom ohlorate: 25 we siss etek) ei eee eee ee 
139.8... .| Sodium chloride (6) ..... SESS are cetera sls 
DAO Bier ec CROOIUUY DPOMUGO 5-5 ¢-s x ws ee see <n 
l4l.s.. ..| Potassium iodide. ...... Sa Le rea to oe 
142, 3 <..| Sodium phosphate i235 0. Sc. of ait ia te EN 
dad i a). wi SOdLUM arsenate () SS eee) cree Clon. Soe 
MBA eat. Orax (8) = oi eee gis Witetipcten, at cee Wine Pee te 
145... .| Potassium bichromate ...... eles fe eee ise 
146.8... Sodium silicate (8). ..... Sacer eect Gas 

Silica (white sand) ..... Bi ee eta he ye 
147.8... .| Fluor-spar (calcium fluoride)... ........ 
148... .| Hydrofluosilicic acid (#) ......... glee rds 


149.8.. . .| Potassium cyanide (®) ....0...-000 08 
LOO Sie ee: | oR OM UM LOIPOOVANIUG. 66 ots. cee) ou es 


151... .| Potassium ferricyanide* ......... Pa eter 
152... .]| Potassiumsulphocyanide....... Ser hers Sir 
455.8.5....:| Ammonium oxalate () 0... oo ae yee 

TAstarle AGIA (CD) > eiiaiiescn je. exmcaywoe 6 ee ane 
—s Sodiam tartrate ()s.. seas bie se She eee eee 
155.8.. . .| Sodium acetate (6) ...... Madi Pome Saris eee 


*See No. 13 (550). 


NaHCO,..... cole 
C00: ae 
HOS. ss ree 
Am,S Sri. aietacee ae > 


NaHBOs: cine aes 
Nag8.03.5H,O ..... 
Neagle? ae eee 
FINS iss, ot Oo ani a ae 


KOI, 2. faeries 


4S Baars arty AT eee 
NagHP0,4.12H,0 ae tee 
NajHAs04.12H.0... . 
Na,B,0;.10H,0..... 
KyCro07 oi Te aeons canoe 
NaghiOg .°3=5, soe ee 
S00) eee 
Cals (<3) See Sarees 
baie or eee 
TOY = oie ieee See 
K,FeCy,.3H,0 PONG ee 


KyFesCyyo oS) Games als, 
Bi € 612 Dpmeretee manger oa ire 
Am,0,04.2H20 . ; 
Helis. ae 
NagT.2H30 §. sc 
NaASHO0 He ots 


554.) REACTIONS OF ACID RADICLES. 355 


REACTIONS OF THE ActD RADICLES. 


applicable to this. Many of the solutions in this list are already prepared 
metals (653). 


—— ee 


4. 


Weight of solid in grams | Proportion by 
weight of 
solid to water. 


to be dissolved in one 
Winchester-quart. 


MIAN ve SES eile ate 


One ee GEE 7 ea ee 
aereaterh ag Ocal ea ie 
Er a ace Soa 


5. 


ods 100). 


ae 


. 


Be ee 


se 


6. 
Remarks. 


[The numbers correspond to the small reference 
numbers in brackets in the second column. } 


57. 


58. 


The NaHCOgz is required only in the solid 
form, and can be taken from the reagent 
bottle on the working bench, No, 18 (550). 

The marble is kept in small pieces as 
large as a pea; it is found in reagent bottle 
No. 79 (552). 

The FeS is kept as a solid in small pieces as 
large as a pea. 

The Am,S can be taken from reagent 
bottle No. 7, on the working bench. 


. Strong “Liquor Sod Chlorinate,’’ diluted 


with an equal measure of water. 


. No. 102, paragraph 553. 

. No. 121, paragraph 553. 

. No. 19, paragraph 550. 

. The solution is made by dissolving 100 grams 


of the thick syrup, sold as ‘‘ soluble glass,” 
in water; and diluting to the Winchester- 
quart. The solid substance to be used is 
sand finely ground. 


. No. 35, paragraph 551. 
. No. 42, paragraph 551. The solution de- 


composes by keeping, a little solid is dis- 
solved when required. 


. No. 9, paragraph 550. 
. No. 30, paragraph 551, 


. 123 grams of He are dissolved by heat in 500 


c.c. of water, the hot solution is exactly 
neutralized with solid NagCOg, and then di- 
luted to a Winchester. quart. 


. A little of the solid substance (see No. 41, 


551) is dissolved, when required, in water. 
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555, TEST SUBSTANCES AND REAGENTS FOR THE RARER ELEMENTS (489), 
a AND ORGANIC SUBSTANCES (504). 


Only those substances and reagents are entered here which do not occur in the preceding list. 


A small quantity of solution is made when required, 


Test SUBSTANCES. 


Thallium sulphate ...... 
Sodium tungstate... .... . NagW0, 
Palladium chloride. ..... 
Ammonium molybdate .... 
Iron selenide. ....... .FeSe 
Potassium selenmate ...... K.Se0,4 
Lead telluride ....... 
Potassium tellurate. . . . . . KeTeO, 
Uranium nitrate... 2.1... U0e (NOz)y 
Indium sulphate... .. Ing(SO4)3.9H20 
Beryllium sulphate. . . . . . Beo(SO4)3 
Titaninm:Oxde Cease bee TiO, 


Sodium vanadate. . ... . . NaVog 
Lithium chloride. ..... . LiCl 
Rubidium chloride... . RbCl 


Cesium chloride ....... 


Sodium formate ..... 
Sodium citrate... 6 6. Na3CgH;0, 
Ammonium succinate. . . . Am2C,H40,4 
Ammonium benzoate . . . . AmC;H;0.2 
PANIC RCIGs <a. Sie eek ©4909 

OF 4 Tig aes er a iar C,Hg05 
Ammonium urate ... . . AmO;H3N,03 
Salicylic acid. . . . . . . . C7H,03 
Meconic acid... ... . . .C;H,O; 
Cinchonine sulphate ... . 
Quinine sulphate... ... 
Morphine hydrochlorate . . 
Strychnine. .... +» « Coy HogNo0q 
Narcotine ....... . « CopHosN0, 


PBENOIND pk xara wicecterre ees Co3HogNoO4 
BRRPCL PO WOOP 2) 570) ow cos (CgHy905)n 
GIUCORG © 6.55 oe eo + (CgHy20¢)n 
RENGR es ales Gite VBS el helene CH,N20 
AUBCMON secs aes cae ae — 


“REAGENTS, 


Mercuric cyanide, solution ..... . HgCyo 


Potassium bicarbonate, solution. . . . KHCO, 
- . » KHSO, 
oe. Sn 


Potassium bisulphate, solid . . 
Tin, granulated 


“Hydrogen peroxide, dilute acid solution. H_09 


Barium peroxide, in fine powder . 


- BaQg 


Calcium sulphate, in fine powder . . . CaSO, 


Mercuric nitrate, neutral solution . . Hg(Nog)o 
Gelatin, '‘isinzlass seu eee 


Quicklime, in powder. ....... 
Tannic acid, powder ........ 
Potassium bicarbonate, solution. . . 


Todic acid, solution (1:15) ..... 
Iodine, in small fragments... . . 


Yeast, froma brewer. .....2.. 


inne ae aS es ee ee ee a 


"4.7. a ee 
we é 


Om aT oF 
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556, CHEMICALS REQUIRED FOR SeEcrTIon II. 


In the following list those substances which are used for 
Section II. only are marked by letters of the alphabet. The 
bottles containing these substances should be arranged apart 
in alphabetical order. Against others a number is placed; 
this indicates that the substance is used for analytical purposes, 
and will therefore be found, together with any necessary de- 
scriptive remarks, in one of the preceding lists (550-554). 


All numbers below 22 refer to bottles standing on the shelves 
above the working bench. If a substance is required for more 
than one experiment, its entry is not repeated, 


Letter or 
number of Name. Remarks, 
reference, 


Mercuric oxide .... The orange-colored precipitated oxide 
: is best. 

Potassium chlorate . . ——— 

Manganese dioxide . . Commercial oxide in powder. 

Wood charcoal .... Cc In pieces as large as a hazel-nut. 

Lime-water 

Site ows le a ce he Pieces of roll sulphur as large as a 
pea. 

Litmus and turmeric 
Pp 
Potassium dichromate . 
Phosphorus. ..... Pieces as large as half a pea, kept 
; in a stoppered bottle, under wa- 

ter, 


8 


Potassium iodide... . 

Starch powder. .... 

Granulated zinc... . Not necessarily pure. 

Hydrochloric acid . Strong, pure. 

Calcium chloride ... Fused solid, in small pieces. 

Marble re In small pieces. 

Hydrochloric acid. . . Strong, commercial. 

Litmus solution... — 

Copper Cu Turnings, clippings or filings. 

Nitric acid HNO, Strong, commercial. 

Ammonium chloride. . NH,Cl Solid, commercial, 

Slaked lime : Ca(HO), 

arn a ea wee NH,OH Liquor ammonie fortissima, 

Oxalicacid ..... .| H,C.04.2H,0 | Solid, in crystals. 

Sulphuricacid .... HpS04 Strong, commercial. 

Sodium hydrate. ... NaHO Strong solution in water. 

Manganese dioxide . . MnO, In small pieces. 

Oil of turpentine é — 

Dutch metal ..... _— Leaf from a small book. 

‘«Turkey red ’’ _ In strips. 

Sodium chloride... . NaCl In pieces as large a hazel-nut broken 
from a lump of rock salt. 

Nitric acid ..... HNO; 


Silver nitrate AgNOg 

Ammonium nitrate .. NH,NO3 Solid, in small pieces. 
Ammonium hydrate . NH,HO 

Ammonium oxalate . (NH 4)oC,04 

Barium chloride. . .. BaClg 

Ammonium sulphide . (NH,4).8 

Potassium nitrate .. KNO3 


64. 
F. 
26. 
G. 
BH. 
E 
J. 
K. 
L. 
M, 
32 
N. 
0. 
Ve 


AB 


~ 
Suan 


358 CHEMICALS FOR SECTION III. [557. 


557, CHEMICALS REQUIRED FoR Section III. 


All the substances, with those exceptions* only which 
are named in this list, are required either for analytical 
purposes and are tabulated in paragraphs 550-554, 
where they may be found by the number placed in the 
first column; or they are already entered on the list of 
substances required for experiments on the gases (556), 
where they may be found by the reference letter in the 
first column, A letter s affixed to the number of refer- 
ence indicates that the substance is required in the solid 
condition ; see note at heading of 553. 


Number or 


letter of a Formula. 
reference. 


Potassium nitrate 
Copper sulphate 
Marble : 
Hydrochloric acid 
Copper 
Nitric acid 
Barium chloride 
Ammonium carbonate 
Filter paper 
Sulphuric acid . . 
Mercuric oxide 
Ammonium chloride 
Potassium chloride. . 
Sodium carbonate 
Manganese dioxide Mn0Og. 

Na, B,07. 
Ferrous sulphate -| FeSO4.7H,0. 
Sodium chloride NaCl. 
Wood charcoal Gos 
Lead acetate PbAg.3H,0. 
Copper sulphate . 
Ammonium hydrate 
Litmus paper 

{ Turmeric paper 


Zinc oxide. . 


* The exceptions are filter paper (531), wood charcoal (533) and zine 
oxide. 


PE Ee Sa 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS 
BY THE PRECEDING TABLES. 


It must be understood that the substances mentioned below 
are merely brought forward as examples of what may be given 
to the student for analysis; the teacher will use his own judg- 
ment in adopting and extending the list. 


SUBSTANCES FOR ANALYSIS WHILST TRYING THROUGH 
THE REACTIONS FOR METALS AND AciID RADICLES. 


558. After working through the reactions for a group 
of metals or acid radicles, a few unknown substances con- 
taining only one member of the group are tested, and the 
number of members present is gradually increased in> 
those subsequently given. It is well to keep these sub- 
stances in the dissolved state (553, 554), since they are 
intended mainly to afford practice in separation and de- 
tection according to the group tables, and the time spent 
by the student in preparing the solution would therefore 
be wasted. Occasionally, however, a solid substance 
may be given in which the metal or acid radicle present 
is to be detected by blowpipe tests or by other tests made 
on the solid substance. The following will serve as ex- 
amples :— 


Group V. Group IV. Group IIT.b. 
Solution of NaCl Solution of BaClo.2H,0 Solution of ZnS04.7H,0 
ss st NHAC “ — *© Sr(NO3)o.4H20 Secs 15° MOls 
See OL  ** CaCle.6H20 «  & NiSO4.7H,0 
«© NaCl + KCl «  $r(NOz)e.4H2O “ Co(NOg).6H20: 
«© NaCl+NH,Cl+ +CaCly.6H20 6 MnCl, + ZnS804.7H,0 
KCl «  BaCle.2H20 + s¢ Co(NOg)g.6H20 + 
« * NaCl+NH,Cl Sr(NO3)o.4H0 NiSO4.7H,0+ 
“© MgS04.7H,0+ +CaClo.6H,0 ZnSO4.7H,0 
NaCl+KCl «  BaCle.2H.0+ &e., &c., &e. 
Sr(NO3)9.41,0 
Solids: NaCl, NH,Cl, KCl, Solids: MnCle, NiSO4.7H,0, 
AmCl+NaCl, &e. Co(NOg)o.6H20. 


Zn804.7H,0, &e. 
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SUBSTANCES FOR ANALYSIS BY THE DIRECTIONS CON- 
TAINED IN SECTION Y. 


509, Any one of the solutions named in paragraphs 
553, 554 may be given for analysis by Section V., some 
of them being neutral, some acid and others alkaline in 
reaction. ‘The following more difficult solutions with 
acid or alkaline reaction may also be added to the list :— 


Acid. Alkaline, 


Caz(P04)2, << Bone-ash ” dissolved in KSbO, dissolved in water. 


dilute HCl Na,SiOg, solution of ‘soluble glass.”’ 


BaC.20, dissolved in dilute HCl. NagSn0z, ‘‘ preparing salt ’’ of the dyer. 
Mg(B02)o* “  HOL 
BalrO, “ “ HOL 


Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs 553, 554 may be 
given for analysis as solid substances by 331 et seq. 

As examples of substances possessing metallic appear- 


ance (366), the following may be mentioned as suitable 
for analysis :— 


Zn, in pieces or filings. NiAs, Kupfernickel. 
Pb BS es Graphite, or Bluck Lead. 


FeSe, Tron Pyrites. Tron filings. 


As insoluble substances which require to be exam- 


ined by 367 et seg., the following may be given for anal- 
ysis :— 


BaSO,. Cal",, Fluor spar. 

PbSO4. FeCr204, Chrome Iron Ore, 

AgCl. §, as pieces of roll sulphur. 

SnOg, Tinstone. C, as powdered wood charcoal or plum- 
bago. 


* Made by mixing hot solutions of NazBsO7 and Mg(NOs)o. 
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SoLip SUBSTANCES TO BE ANALYZED BY THE PRELIM- 
INARY EXAMINATION IN SeEcTion VI. 


560. For the preliminary examination for metals 
(385) :— 


Simple. Complex. 


Pb(NOs)2 | ZnSO4.7H_0 AmCl-++NaCl AIK(S04)o.12H0 
NaCl Mn¢l 


2 HgCl, + BaCly.2H20 Sn0, + Sr(N Og)2.4H.0 
BaCle.2H.0 Co( NO3)o.6H; O MnCl, +KCl CaC0g3+Zn804.7H20 
Sr(NO3)9.4H.0 NiSO,.7H,0 NiSO4.7H,O + Org03-+ MnClg+ 
CuS04.6H.0 Sn0, ZnS04.7H,0 NaCl 
(See note.) 


Note.—Best finely powdered, since its color is then almost 
destroyed. 


For the preliminary examination for acid radicles 
(410) -— 


Complex. 


NaoS.03.5H,0 CaCO,+KNO3 
KBr CaCl,0 +CaF, 
NagCO3+KI 


A few of the above-mentioned solids may then be ex- 
amined by both preliminary examinations for both 
metals and acid radicles. 


SuBSTANCES TO BE ANALYZED BY THE GENERAL 
CoursE IN Section VI. 


561. The following lists are so arranged that the 
analysis of the substances contained in them is more dif- 
ficult in each column proceeding from left to right, and 
usually also in proceeding in one and the same column 
from top to bottom. For examples of alkaline solu- 
tions, see 559. 

32 
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362 [561. 


561. SuBsSTANCES FoR ANALYSIS BY THE GENERAL 
CouRSE. 


2. 3. 
Complex soluble substances. Complex soluble 


substances, 


1; 
Simple soluble 
substances. 


BaCly.21,0 
MnClg 

HgCly 
MgS0,.711,0 


CaClo.6H,0 +BaClo.2H,0-+Sr(NOz)o.41,0 « 

AIK (S04)o.12H,0 + CrK (S04)o.12H,0 

MnCly-+ZnS04.7H,0 +CuS0,4.6H,0 
_Pb(NO3)g-+ HgClp+NaCl 


KCL #A.8903-+CaC03-+BaUOg 
#Zn0-+MgC03+KCl0, 
*MgC03-++BaC03-+PbCO, 


NiSO4.7H,0 
*CaCog 
Pb(NOs)e 
* A803 
FeCl, 
NH,Cl 
NaCl 

&e., &e. 


4. 
Substances yielding a 
phosphate precipitate 

in Group ITI. 


CaClo. 6H,0 
NajHP0,4.12H,0 


ca .2H,0 
re 
( 


Teo 
NaH POy. 12H,0 


Co(NOs)o. 6H,0 

CaCle. 6H,0 
MnCle 

Gem eo 12H,0 


&e., &. 


5. 


Substances partly or 
entirely insoluble. 


BaSO, 
Si0.+8 
BaSO4 + CaF, +8n0_ 


BaCly.2H,0. 
AIK (S804)o-12H,0 
AgNO; 


fe 
8 
C 


PbSO,+BaS0, 
PbCr0y, ignited 


ork 0,6 1 25,0 
Co(NO3)9.6H.0 


&o(NOg)o.H20 
{et S180) 41,0 


BiCNO 510 


Metallic substances (467 et seq.) 
Iron pyrites (Fe8.) 
Tron filings (Fe) 
Zinc clippings (Zn) 
Brass filings (Cu+-Zn) 
German silver (Cu+-Zn-+Ni) 
Bronze (Cu+Sn) 
Type-metal (Sb-+-Sn+ Pb) 


Silicates (480)— 
Fire-clay (Alp03.2S8i0.) 
Brown-clay (do. -+Fe) 
Window-glass (Na, oS SiO.) 
Flint-glass (Pb, K, SiO.) 


Cyanogen compounds (482)— 
Any of the foregoing which 
has been mixed with KCy, 
KCyS, KyFeCy,.3Hs0, 
KgFegCyy2, KgCogCyy2 


* To be given in the solid state. 
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562, LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 


The words in brackets are the Latin names of the elements 
from which the symbols have been derived. 


Atomic Atomic 
Name. Symbol. | Wo; cht. Name. Symbol. Weight. 
Aluminium ..../| Al 27-1 || Molybdenum ...| Mo 95°7 
Antimony (stibium) Sb 120°2 | Nickel... 5 5-2. « Ni 5871 
Arsenicum, ....j| As 751 || Niobium .....{| Nb 94 
Marini: g5s200 03 5 Ba 137 Nitrogen {275 .°.3 N 14 
Beryllium .....| Be O°)" je Osinium oats) s* =h4 08 199 
INGE, Se ae ss Bi 208 Oxyeen ce. seu, ch Oo 16 
oO sc sow) |’ ll Palladium ....| Pd 106 
Bromine 22>...) & a} Br 80 Phosphorus. ...| P 31 
Cadmium .....{| Cd 22" | Platina oo). 3. 5: Pt 194-9 
Cesium ...... Cs 132°9 || Potassium (kalium)| K 39-1 
Calcium’... °°. | Ca 40°1 || Rhodium . ....j| Ro 104°3 
(208 ees Cc 12 Rubidium. .... Rb 85°5 
Cer ss see Ce 140°7 || Ruthenium, ...] Ru 104°5 
Chigring; .. 5. «} Cl 35°5 || Selenium. ....| Se 79 
Chromium. .... Cr O2F Silicon seeks s Si 28°3 
IMAM achieve Xo Co 59 Silver (argentum) .| Ag 107°9 
Copper (cuprum). .| Cu 63.3 || Sodium (natrium) .| Na 23 
Didymium..... D 142°5 || Strontium ....j| Sr 87°6 
17 E 166°3 || Sulphur ..... 8 3271 
Minorine, <6 \.°..; F 19 Tantalanir ss sao). > Ee 182°6 
Gold (aurum) ...j| Au 196°6 || Tellurium ....| Te 128°2 
Hydrogen ..... H a RANA 60 oats ee 2042 
pL ieee In Mar }\. Phorinem: = Th 232°5 
ROME his eo. I 126°8 || Tin (stannum). . .| Sn 118 
Feldlani as 6's 's 5 Ir 198°E || Titanium. « « Ti 48 
Tron (ferrum) ...| Fe 56 Tungsten (wolfra- Ww 184 
Lanthanum .... La 138°3 pin bbe t) soar lee as 
Lead (plumbum) . .| Pb 207 Uranium .... 6:| JU 239 
OAT oooh ake ie L 7 (VETIAGEM acs iacg fae 51-4 
Magnesium .... Mg 24 Yttrium aaa S iets 89°1 
Manganese... .. Mn 55 = Raat wltee athe = 65 
Mercury (hydrar- i irconium .... r 89°6 
@yzuni).. . } Hg 20:2 


563, THERMOMETRIC SCALES. 


There are two different thermometric scales in use in this 
country, the Centigrade and Fahrenheit; the former of these is 
rapidly becoming universal for scientific purposes. The two 
scales are mutually convertible by the following formule, in 
which F.° represents a temperature on the Fahrenheit scale, 
C.° a temperature on the Centigrade scale :— 


g(F2 — 82) gs 


--O2 + $2 


The temperatures occasionally referred to in this treatise are 
given on the Centigrade scale. 
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WEIGHTS AND MEASURES. 


564. The corresponding values of the French and English 
weights and measures are here given; the use of the French or 
decimal system is strongly recommended by its extreme sim- 
plicity, since the smaller denominations are obtained by taking 
a tenth, hundredth, thousandth, &c., of the unit chosen, and are 
designated by the Latin prefixes deci-, centi-, milli-, &c., whilst 
the higher denominations are 10 times, 100 times, 1000, &c., 
times the unit, and are named by the Greek prefixes deca-, 
hecto-, kilo-, &c.; examples of this will be found in the tables 
given below. 

The starting-point of the French system is the “ metre” 
(=39°37 inches); this is the “unit of length.” The “unit of 
measure” is the “litre,” which is one cubic decimetre: the 
“unit of weight” is the gramme, which is the weight of 1 cubic 
centimetre of distilled water at 4° C. 

The chief conveniences arising from the use of this system 
are :— 

ist. That all the different denominations can be written as 
one, since they are either multiples by ten or are decimal frac- 
tions of the unit. Thus 5 decagrams, 3 grams, 4 decigrams, 8 
milligrams would be written 53°408 grams. 


2nd. That since 1 cubic centimetre of water at 4° C. weighs 
1 gram, we may obtain the weight of water to be used from the 
measure by simply converting the measure into cubic centime- 
tres ; the number thus obtained will represent at once the cor- 
responding weight of water in grams. Of course this conver- 
sion is strictly accurate only when the water is measured at 4° 
C., but for ordinary purposes the error introduced when the 
water is at the temperature of the air is too small to be of any 
importance in the preparation of solutions. 

The weights and measures most frequently used for chemical 
purposes are the gram, the millimetre (m.m.), the litre, and the 
cubic centimetre (c.c.), which is zgyq of a litre. 


ENGLISH WEIGHTS AND MEASURES. 


APOTHECARIES’ WEIGHT. AvorrRDUPOIS WEIGHT. 
Tb. 07. drms. scruples. grains. Ib. oz. drms. _— grains, 
dee 12 ae 06) = 288. = 2 B16" = 268) = 1000 
1 eee < Poe een: Sete — po | Lo =~ 16) si 4576 
Be Be a 60 s 27°343, 
1 = 20 
IMPERIAL MEASURE, 
gallon pints fluid oz. fluid drms. 
1 = 8 = 160 = 1280 
1 = 20 see 160 
; 1 = 8 
1 gallon = 70,000 grains of water at 16°7° C, 
lfluidounce = wypint = 4375 “* i “f 


1 gallon = 277-280 cubic inches, 
1 fluid ounce = 1°733-- 
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FRENCH WEIGHTS AND MEASURES. 


MEASURES OF LENGTH. ENGLISH. 
metre. inches. bea furlong. — feet. inches. 
Millimetre = 0-001 = 03937 = s c “03937 
Centimetre = CoOL = 39371 = oe nits ee Pram}! si 
Decimetre = ot: => 3°93708 = - “ 2 - 3°9371 
Metre = Sa 39°37079 = =e <s aN 3 3°371 
Decametre = 1 3 a 393°70790 = “ : 10 pa Cy i 
Hectometre= JOE = 3937°07900 = we we 109 jada | 
Kilometre = 1000°0 = =| 39370-79000 = - 4 213 4 102 
Myriometre= ' 10000°0 = ' 393707'90000 = 6 1 156 0 6 
linch = ‘0254 metre. 
1 foot = 3048“ 
MEASURES OF CAPACITY. 
1 litre = 1 cubic decimetre. 
saat litre. cubic inches. pints. 
illilitre, or ‘ =n - aos - 
{ Cubic centimetre(c.c.) } 3 = SF) batons 000176 
Centilitre = 01 = 61027 =  (0°01761 
Decilitre se a | = 6°1027 = 4 0°17608 
Litre = 10 = 61°027 = 1-°76077 
Decalitre = 10-0 = 610°27 == 17°60773 
Hectolitre = 100°0 = 6102°7 = 176:07734 
Kilolitre = 1000°0 = 61027°0 = 1760 77341 
Myriolitre = 10000°0 = 610270°0 =17607°78414 
lcubic inch = +01639 litre. 
1 cubic foot = 28°31531 litres. 
1 gallon = 454336 ‘ 
MEASURES OF WEIGHT. 
1 gram = the weight of 1 cubic centimetre (c.c.) of water at 4° C. 
: grams. grains. Avoirdupois. 
Milligram = 001 = 0-01543 
Centigram = “01 = 0715432 
Decigram = SY =e 1°54323 
Gram = 10 = 1543235 Ibs. 07. drms, 
Decagram = 10°0 = 154°32349 = 0 0 5°65 
Hectogram = 1000 = 1543-23488 == Oe 3 - 8h 
Kilogram = 1000°0 = 15432°34880 =2 3 5 
Myriogram = 10000°0 = 154323-48800 =22 1 2 
1 grain = 0°0649 gram. 
1 oz. (Troy) == 31°1035 grams, 
1 lb. (Avoirdupois) = 453°593 is 
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of Digestion and Genito-Urinary Organs, Embryology, Develop- 
ment, Teratology, Post-Mortem Examinations, General and Clini- 
cal Indexes). Price per section, $3 50. Also, bound in one volume, 
cloth, $23; half Russia, raised bands and open back, $25. Sold 
by subscription only. 
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A MBaICAN SYSTEM OF GYNECOLOGY. In treatises by various 
authors. In two large octavo volumes. In active preparation. 


Aree vare (JOHN, Jr.) THE PRINCIPLES AND PRACTICE OF 
SURGERY. FOR THE USE OF STUDENTS AND PRACTI.- 
TIONERS. New (fourth) and revised edition. In one large and 
handsome octavo volume of 1100 pages, with 575 woodcuts. 
Preparing. 

seamen (SAMUEL). A PRACTICAL TREATISE ON THE DIS 
EASES OF WOMEN. Thirdedition. 520 pages. Cloth, $3 50. 
SYSTEM OF PRACTICAL MEDICINE BY AMERICAN AUTHORS. 
Edited by William Pepper, M.D., LL.D. In five large octavo 
volumes of about 1100 pages each. Vol. I (just ready) contains 
1094 pages, and 24 illustrations. Vol. II., will be ready June 1st, 
and the remaining three volumes will follow at intervals of four 
months thereafter. Price per volume, cloth, $5 00; leather, $6 00; 
half Russia, $7 00. Sold by subscription only. 

Ered (JOHN). CHEMISTRY; GENERAL, MEDICAL AND 
PHARMACEUTICAL. ‘Tenth edition, specially revised by the 
Author for America In one handsome 12mo. volume of 728 
pages, with 87 illus. Cloth, $250; leather, $3 00. 

tal (CHARLES B.) DISEASES OF THE RECTUM AND ANUS. 
In one 12mo. volume of 550 pages. Preparing. See Series of Clini- 
cal Manuals, p. 13. 


Bretew (GEORGE H.) A MANUAL OF THE PRACTICE OF 
MEDICINE. In one 8vo. volume of 603 pages. Cloth, $2 50. 
ged (FANCOURT). A MANUAL OF MIDWIFERY FOR MID- 
WIVES. In one 12mo. vol. of 197 pp., with 50 illus. Cloth, $1 25. 
i peer (ROBERT). A PRACTICAL TREATISE ON THE DIS- 
EASES OF WOMEN. Third American from 3d English edition. In 
one 8vo. vol. of about 800 pages, with about 200illus. Preparing. 
i goeicbige (ROBERT and FANCOURT). A SYSTEM OF OBSTET- 
RIC MEDICINE AND SURGERY, THEORETICAL AND CLIN- 
- ICAL. The Section on Embryology by Prof. Milnes Marshall. 
In two large octavo volumes, profusely illustrated. In press. 
Preteen (ROBERTS). MEDICAL ELECTRICITY. A PRAC- 
TICAL TREATISE ON THE APPLICATIONS OF ELECTRICITY 
TO MEDICINE AND SURGERY. Second edition. In one 8yo. 
volume of 292 pages, with 109 illustrations. Cloth, $2 50. 
oe (W.R.) RENAL DISEASES; A CLINICAL GUIDE TO 
THEIR DIAGNOSIS AND TREATMENT. In onel2mo. volume 
of 304 pages, with illustrations. Cloth, $2 00. 
ens (F. JEFFREY). COMPARATIVE PHYSIOLOGY AND ANA- 
TOMY. In press. See Students’ Series of Manuals, p. 14. 
lela neat (EDWARD). A MANUAL OF SURGICAL ANATOMY. 
In one 12mo.vol. of 300 pages, with 50 illustrations. Cloth, $2 25. 


——OPERATIVE SURGERY. Jn press. Bee Students’ Series of Man- 
uals, p. 14. 
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ploxau (C. L.) CHEMISTRY, INORGANIC AND ORGANIC. 
With Experiments. New American from the fifth London edition. 
In one handsome octavo volume of 727 pages, with 292 illustra- 
tions. Cloth, $3 75; leather, $4 75. 

Fyeerew=s (JOHN SYER). A TREATISE OF THE PRACTICE OF 
MEDICINE. Second American edition, revised by the Author. 
Edited with additions by James H. Hutchinson, M.D. Inone 
handsome 8vo. volume of1085 pages. Cloth, $5 00; leather, $6 00; 
very handsome half Russia, raised bands, $6 50. 

PeOSDOaERT, (W. H.) THE PULSE. Preparing. See Series of 
Clinical Manuals, p. 13. 

dS wen tora (EDGAR A.) HOW TO USE THE OPHTHALMOSCOPE. 
Elementary instruction in Ophthalmoscopy for the Useof Students, 
In one small12mo. volume of 116 pages, with 35illust. Cloth, $1. 


Boerne (LENNOX). THE THROAT ANDITS DISEASES. News 
edition. In one handsome imperial 8vo. volume, with 12 colored 
plates, 120 typical illust. in color and 50 woodcuts. Preparing. 

|) deca (J. MITCHELL). MATERIA MEDICA AND THERA- 
PEUTICS. Im one 12mo. volume of 555 pages. Cloth, $1 50. 
Just ready. See Students’ Series of Manuals, p. 14. 

RUNTON (T. LAUDER). A MANUAL OF MATERIA MEDICA 
AND THERAPEUTICS; including the Pharmacy, the Physiologi- 
eal Action and the Therapeutical Uses of Drugs. In one 8vo. vol. 

RYANT (THOMAS). THE PRACTICE OF SURGERY. Fourth 
American from the fourth English edition. In oneimperial octavo 
volume of 1040 pages, with 727 illustrations. Cloth, $6 50; 
leather, $7 50; half Russia, $8 00. Just ready. 

ts eiclacete (THOMAS). DISEASES OF THE BREAST. Preparing. 
See Series of Clinical Manuals, p. 18. 

ds ibn (F.J.) and TAYLOR (R. W.) THE PATHOLOGY AND 
TREATMENT OF VENEREAL DISEASES. Fifth edition, re- 
vised and rewritten, with many additions, by R. W. Taylor, M.D. 
In one handsome 8vo. vol. of 898 pages, with 139 illustrations, and 
two chromo-lithographic plates containing 13 figures. Cloth, $4 75; 
leather, $5 75; very handsome half Russia, $6 25. 

—ANDCULLERIER’S ATLAS OF VENEREAL.See‘‘CuLLERIER.”’ 

I hades (CHARLES H.) THE EAR: ITS ANATOMY, PHYSI- 
OLOGY AND DISEASES. A Practical Treatise for the Use of 
Students and Practitioners. New edition. In one handsome 8vo. 
volume of 580 pages, with 107 illustrations. Cloth, $4; leather, 
$5. Just ready. ; 

is bias (HENRY T.) DISEASES OF THE TONGUE. See Series 
of Clinical Manuals, p. 13. 

Paes taptete (WM.B.) PRINCIPLES OF HUMAN PHYSIOLOGY. 
A new American, from the eighth English edition. In one large 
8vo. volume of 1083 pages, with 373 illustrations. Cloth, $5 50; 
leather, raised bands, $6 50; half Russia, raised bands, $7. 

PRIZE ESSAY ON THE USE OF ALCOHOLIC LIQUORS IN 

HEALTH AND DISEASE. New Edition, with a Preface by D. F. 

Condie, M.D. One 12mo. volume of 178 pages. Cloth, 60 cents. 
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(GENTuRY OF AMERICAN MEDICINE.—A Hisrory or MepIcineE 1N 
AMERICA, 1776-1876. Inone 12mo. vol. of 366 pages. Cloth, $2 25. 

(JHAMBERS (T. K.) A MANUAL OF DIET IN HEALTH AND 
DISEASE. In one handsome 8vo. vol. of 302 pages. Cloth, $2 75. 

(piaeeee (I. CRANSTOUN). THE ELEMENTS OF PHYSIO- 
LOGICAL AND PATHOLOGICAL CHEMISTRY. In one hand- 
some octavo volume of 451 pages, with 38 woodcuts and one colored 
plate. Cloth, 3 50. Just ready. 

(PAUSCBILL (FLEETWOOD). ESSAYS ON THE PUERPERAL 
FEVER. In oneoctavo volume of 464 pages. Cloth, $2 50. 
(LARKE (W. B.) AND LOCKWOOD (€. B) THE DISSECTOR’S 
MANUAL. In one 12mo. volume of 396 pages, with 49 illustrations. 
Cloth, $150. Just ready. See Students’ Series of Manuals, p. 14. 


(FUASSER’S QUANTITATIVE ANALYSIS. Translated by Edgar F. 
Smith, Ph.D. Inone12mo. vol. of 324 pp., with 36 illus. Cloth, $2 00. 


(JEELAND (JOHN). A DIRECTORY FOR THE DISSECTION OF 
THE HUMAN BODY. Inone12mo. vol. of 178 pp. Cloth, $1 25. 


Bigehlath ces (THOMAS §.) CLINICAL LECTURES ON MENTAL 
DISEASES. With an Abstract of Laws of U.S. on Custody of the 
Insane, by C. F. Folsom, M.D. In one handsome octavo vol. of 541 
pages, illustrated with woodcuts and 8 lithographic plates. Cloth, 
$400. Just ready. Dr. Folsom’s Aéstract is also bound separately. 


0 feted (FRANK). AN ELEMENTARY TREATISE ON PRAO- 
TICAL CHEMISTRY AND QUALITATIVE INORGANIC 
ANALYSIS. New American from the fourth English edition. In 
one handsome 12mo, volume. Preparing. 

(FoAts (JOSEPH). A TREATISE ON PATHOLOGY. In one vol. of 
829 pp., with 339 engravings. Cloth, $5 50; leather, $6 50 

8 te! (J. SOLIS). DISEASES OF THE THROAT AND NASAL 
PASSAGES. Third edition, thoroughly revised. In one handsome 
octavo volume. Preparing. 

(eee ae (ALFRED), A MANUAL OF DENTAL SURGERY AND 
PATHOLOGY. With Notes and Additions to adapt it to American 
Practice. By Thos. C. Stellwagen, M.A.,M.D., D.D.S. In one hand- 
some 8vo. vol. of 412 pp., with 331 illus. Cloth, $3 25. 

ONDIE (D.FRANCIS). A PRACTICAL TREATISE ON THE DIS. 
EASES OF CHILDREN. Sixth edition, revised and enlarged. In 
one large 8vo. vol. of 719 pages. Cloth, $5 25; leather, $6 25. 

(g00Ee® (B.B.) LECTURES ON THE PRINCIPLES AND PRACTICE 
OF SURGERY. In one large@8vo. vol. of 767 pages. Cioth, $2 00. 

Geax (V.) SYPHILIS: ITS MORBID ANATOMY, DIAGNOSIS 
AND TREATMENT. Translated, with notes and additions, by J. 
Henry C. Simes, M.D, and J. William White, M.D. In one 8vo. 
volume of 461 pages, with 84 illustrations. Cloth, $3 75. 

bes Mine (V.), AND RANVIER (L.) MANUAL OF PATHOLOGICAL 
HISTOLOGY. Translated, with Notes and Additions, by E. 0. 
Shakespeare, M.D., and J. Henry C. Simes, M.D. In one octavo 
volume of 800 pages, with 360 illustrations. Cloth, $5 50; leather, 
$6 50; very handsome half Russia, raised bands, $7. 
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(QULLERIER (A.) AN ATLAS OF VENEREAL DISEASES. Trans- 
lated and edited by Freeman J. Bumsteap,M.D., LL.D. A large 
quarto volume of 328 pages. with 26 plates containing about 150 
figures, beautifully colored, many of them life-size. Cloth, $17. 

(oRNOW (JOHN). MEDICAL APPLIED ANATOMY. In press. 
See Student’s Scries of Manuals, p. 14. 

Id spprtceces (JOHN €) DOCTRINES OF THE CIRCULATION OF 
THE BLOOD. In one handsome 12mo. volume of 293 pages. Cloth, 
$2. Just ready. 

A TREATISEON HUMAN PHYSIOLOGY. Sevonthedition, 

thoroughly revised, and greatly improved. In one very handsome 

8vo. vol. of 722 pages, with 252 illustrations. Cloth, $5; lea- 

ther, $6; very handsome half Russia, $6 50. 

THE TOPOGRAPHICAL ANATOMY OF THE BRAIN. In 
three quarto volumes containing 178 pages of text, with 48 full page 
heliotype photographic plates of brain sections, and the same num- 
ber of explanatory plates; also 12 woodeuts. Price per volume, 
cloth, $8. Just ready. For sale by subscription. 

TAs4 (JAMES D.) THESTRUCTURE AND CLASSIFICATION OF 
ZOOPHYTES. Withillust. on wood. In oneimp. 4to. vol. Cl., $4. 


pAYs (F.H.) LECTURES ON CLINICAL MEDICINE. Second 
edition Inone 12mo. volume of 287 pages. Cloth, $1 75. 


pF LA BECHE’S GEOLOGICAL OBSERVER. Inone large 8vo. vol. 
of 700 pages, with 300illustrations. Cloth, $4. 


RAPER (JOHN CC.) MEDICAL PHYSICS. A Text-book for Stu- 
dents and Practitioners of Medicine. In one handsome octavo vol- 
ume of 600 pages, with 400 illustrations. Svwortly. 


ii ap ee (ROBERT). THE PRINCIPLES AND PRACTICE OF MO. 
DERN SURGERY. From the 8th London edition. Inone octavo 
volume of 687 pages, with 432 illus. Cloth, $4; leather, $5. 


UJARDIN-BEAUMETZ. DICTIONARY OF THERAPEUTICS, 
MATERIA MEDICA, PHARMACY, TOXICOLOGY AND MINE- 
RAL WATERS. Translated with notes andadditions. Preparing. 


prrcas (J. MATTHEWS). CLINICAL LECTURES ON THE DIS- 


EASES OF WOMEN. Delivered in St. Bartholomew’s Hospital. 
In one octavo volume of 175 pages. Cloth, $1 50. 


[UNGLISON (ROBLEY). MEDICAL LEXICON; A Dictionary of 
Medical Science. Containing a concise explanation of the various 
subjects and terms of Anatomy, Physiology, Pathology, Hygiene, 
Therapeutics, Pharmacology, Pharmacy, Surgery, Obstetrics, Medi- 
cal Jurisprudence and Dentistry; notices of Climate and of Mineral 
Waters ; Formule forOfficinal, Empirical and Dietetic Preparations; 
with the accentuationand Etymology ofthe Terms, and the French 
and other Synonymes. Newedition. In one very large royal 8vo. 
vol. of 1139 pages, Cloth, $650; leather, $750; half Russia, $8. 


sage (ARTHUR W.) DISEASES OF WOMEN. A Manual for Stu- 
dents and Practitioners. In one handsome 8vo. vol. of 576 pp., 
with 148 illustrations. Cloth, $3; leather, $4. 
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| aaa (GEORGE VINER). DEMONSTRATIONS IN ANATOMY. 
Being a Guide to the Knowledge ofthe Human Body by Dissection. 
From theeighthand revised English edition. In one very handsome 
octavo volume of 716 pages, illustrated by 249 engravings on wood. 
Cloth, $4 25; leather, $5 25. 

| eens (THOMAS ADDIS). THE PRINCIPLES AND PRACTICE 
OF GYNZCOLOGY, for the use of Students and Practitioners. 
New (third) edition, enlarged and revised. In one large 8vo. 
volume of 880 pages, with 150 original illustrations. Cloth, $5; 
leather, $6; half Russia, $6 50. Jzst ready. 

| Pacha (JOHN E.) THE SCIENCE AND ART OF SURGERY. 
A new American, from the eighth enlarged and revised London 
edition. In two large octavo volumes containing 2316 pages, with 
984 illustrations. Cloth, $9; leather, $11; half Russia, raised 
bands, $12. Just ready. 

oe (FRIEDRICH). EARLY AID IN INJURIES AND 
ACCIDENTS. In one small 12mo. volume of 109 pages, with 24 . 
illustrations. Cloth, 75 cents. 

PaRQUuHARION (ROBERT). A GUIDE TO THERAPEUTICS. 
Third American edition, specially revised by the Author. Edited, 
with additions,embracingthe U.S. Pharmacopeeia, by Frank Wood- 
bury, M.D. In one 12mo. volume of 524 pages. Cloth, $2 25. 

PRAWINS (SAMUEL), THE STUDENTS’ GUIDE TO MEDICAL 
DIAGNOSIS. From thethird revised and enlarged London edi- 
tion. In oneroyal! 12mo. volume of 328 pages. Cloth, $2 25. 

sium elaiedl (JAMES). CLINICAL DIAGNOSIS. A Handbook for 
Students and Practitioners of Medicine. In one handsome 8vo. 
vol. of 546 pages, with 85 woodcuts. Cloth, $2 63. 

FLINT (AUSTIN). A TREATISE ON THE PRINCIPLES AND 
PRACTICE OF MEDICINE. Fifth edition, revised and largely 
rewritten. With an Appendix on the Researches of Koch and their 
Bearing on the Etiology, Pathology, Diagnosis and Treatment of 
Pulmonary Phthisis. In one large 8vo. vol. of 1160 pages. Cloth, 
$550; leather, $6 50; very handsome half Russia, $7. 

A MANUALOF AUSCULTATION AND PERCUSSION ; of the 

Physical Diagnosis of Diseases of the Lungs and Heart, and of Tho- 

racic Aneurism. Third edition, revised and enlarged. In one 

handsome 12mo. volume of 240 pages. Cloth, $1 63. 

A PRACTICALTREATISE ON THE DIAGNOSIS AND TREAT- 

MENT OF DISEASES OF THE HEART. Second edition, enlarged. 

In one octavo volume of 550ages. Cloth, $4 00. 

A PRACTICAL TREATISE ON THE PHYSICAL EXPLORA- 

TION OF THE CHEST, AND THE DIAGNOSIS OF DISEASES 

AFFECTING THE RESPIRATORY ORGANS. Second and revised 

edition. In one octavo volume of 591 pages. Cloth, $4 50. 

CLINICAL MEDICINE. A SYSTEMATIC TREATISE ON 

THE DIAGNOSIS AND TREATMENT OF DISEASE. Designed 

for Students and Practitioners of Medicine. In one handsome octavo 

volume of 799 pages. Cloth,$4 50; leather, $550; very handsome 

half Russia, raised bands, $6 00. 
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| eel (AUSTIN). MEDICAL ESSAYS. In one 12mo. vol., pp. 210. 
Cloth, $1 38. 

ON PHTHISIS: ITS MORBID ANATOMY, ETIOLOGY, kerc., 

a series of Clinical Lectures. In one 8vo. volume of 442 pages. 

Cloth, $3 50. 

THE PHYSICAL EXPLORATION OF THE LUNGS, BY 
MEANS OF AUSCULTATION AND PERCUSSION. In one 
small 12mo. volume of 83 pages. Cloth, $1. 

pen (C.F.) An Abstract of Statutes of U.S. on Custody of the 
Insane. In one 8vo. vol. of 108 pp. Cloth, $1 50. Also bound 
with Clouston on Insanity. 

OSTER (MICHAEL). A TEXT-BOOK OF PHYSIOLOGY. New 
American from the latest English edition, edited by H. T. Retcuurr. 
In one large 12mo. vol. of over 1000 pages, with about 275 illus- 
trations. In press. 

A TEXT-BOOK OF PHYSIOLOGY. English Student’s edition. 
In one 12mo. volume of 804 pages, with 72 illustrations. Cloth, $3. 

POEHERGILL'S PRACTITIONER’S HANDBOOK OF TREATMENT. 
Second edition, revised and enlarged. In one handsome octavo 
vol. of about 650 pp. Cloth, $400; very handsome half Rus., $5 59. 

POWNES (GEORGE). AMANUALOF ELEMENTARYCHEMISTRY. 
New edition. Edited by Henry Watts, B.A., F.R.S. In one 
royal 12mo. volume of 1050 pages, with 200 illustrations, and one 
colored plate. Jn press. 

| ag (TILBURY) and T. COLCOTT. EPITOME OF SKIN DIS- 
EASES, with Formulx. For Students and Practitioners. Third 
Am. edition, revised by T. C. Fox. In one small 12mo. volume 
of 238 pages. Cloth, $1 25. 

RANKLAND (E) and JAPP (F.R.) INORGANIC CHEMISTRY. 
In one handsome octavo vol. of 600 pages, with illus. Jn press. 


1 agegcesse (HENRY). ON DISEASES OF THE LUNGS AND AIR 
PASSAGES. Their Pathology, Physical Diagnosis, Symptoms and 
Treatment. From 2d Eng.ed In18vo.vol.,pp.475. Cloth, $3 50. 

peace (V.P.) ORTHOPADIC SURGERY. For the use of Prac- 
titioners and Students. In one 8vo. vol. profusely illus. Prepg. 

Sagas (A. PEARCE). SURGICAL DIAGNOSIS. In one 12mo. 
vol. of 589 pages. In press. See Students’ Series of Manuals, p. 14. 

IBSON’S INSTITUTES AND PRACTICE OF SURGERY. Intwo 
octavo volumes of about 1000 pages. Leather, $6 50. 

Eo (GOTTLIEB). ATLAS OF PATHOLOGICAL HISTOLOGY. 
Translated by Joseph Leidy, M.D., Professor of Anatomy in the 
University of Pennsylvania, &c. In one imperial quarto volume, 
with 320 copperplate figures, plain and colored. Cloth, $4. 

G=s (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
Edited by T. Pickering Pick, F.R.C.S. A new American, from the 
tenth and enlarged London edition. To which is added Holden’s 
‘‘Landmarks, Medical and Surgical,’’ with additions by W. W. 
Keen, M.D. In one imperial octavo volume of 1023 pages, with 
564 large and elaborate engravings on wood. Cloth, $6; leather, 
$7; very handsome half Russia, raised bands, $7 50. 
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(aeer (T. HENRY). AN INTRODUCTION TO PATHOLOGY AND 
MORBID ANATOMY. Fifth American, from the sixth London 
edition. In one handsome octavo volume of 482 pages, with 150 
illustrations. Cloth, $250. Just ready. 

(} BEERE (WILLIAM H.) AMANUALOF MEDICALCHEMISTRY. 
For the Use of Students. Based upon Bowman’s Medical Chem- 
istry. In one 12mo. vol. of 310 pages, with 74 illus. Cloth, $1 75. 

Geterits (ROBERT E.) A UNIVERSAL FORMULARY, CON- 
TAINING THE METHODSOF PREPARING AND ADMINISTER- 
INGOFFICINAL ANDOTHER MEDICINES. Thirdandenlarged 
edition. Edited by John M. Maisch, Phar.D. In one large 8vo. 
vol. of 775 pages, doublecolumns. Cloth, $450; leather, $5 50. 

Ghose (SAMUELD.) A SYSTEM OF SURGERY, PATHOLOGICAL, 
DIAGNOSTIC, THERAPEUTIC AND OPERATIVE. Sixth edi- 
tion, thoroughly revised. In two imperial octavo volumes contain- 
ing 2382 pages, with 1623 illustrations. Strongly boundin leather, 
raised bands, $15; very handsome half Russia, raised bands, $16. 

A PRACTICAL TREATISE ON THE DISEASES, INJU- 

ries and Malformationsof the Urinary Bladder, the Prostate Gland 

and the Urethra. Third edition, thoroughly revised and much 
condensed, by Samuel W. Gross, M.D. In one octavo volume of 

574 pages, with 170 illus. Cloth, $4 50. 

A PRACTICAL TREATISE ON FOREIGN BODIES IN THE 
AIR PASSAGES. Inone 8vo.vol. of 468 pages. Cloth, $275. 

Cashes (SAMUEL W.) A PRACTICAL TREATISE ON IMPO- 
TENCE, STERILITY, AND ALLIED DISORDERS OF THE 
MALE SEXUAL ORGANS. Second edition. In one handsome 
octavo vol. of 168 pp., with 16 illust. Cloth, $1 50. 

1f ASERSnON (8.0.) ON THE DISEASES OF THE ABDOMEN, 
AND OTHER PARTS OF THE ALIMENTARY CANAL. Second 
American, from the third Englishedition. In one handsome 8vo. 
volume of 554 pages, with illus. Cloth, $3 50. 

HAMILTON (ALLAN McLANE). NERVOUS DISEASES, THEIR 
DESCRIPTION AND TREATMENT. Second and revisededition. 
In one octavo volume of 598 pages, with 72illustrations. Cloth, $4. 

}AaMi-Ton (FRANK H.) A PRACTICAL TREATISE ON FRAC- 
TURES AND DISLOCATIONS. Seventh edition, thoroughly re- 
vised. In one handsome 8vo. vol. of 998 pages, with 352 illustra- 
tions. Cloth, $5 50; leather, $6 50; very handsome half Russia, 
$7 00. Just ready. 

PABISHORNE (HENRY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Fifth edition. In one 12mo. 
vol. 669 pp. with 144 illustrations. Cloth, $275; half bound, $3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 

12mo. volume of 310 pages, with 220 illusirations. Cloth, $1 75. 

A CONSPECTUS OF THE MEDICAL SCIENCES. Com- 

prising Manuals of Anatomy, Physiology, Chemistry, Materia 

Medica, Practiee of Medicine, Surgery and Obstetrics. Second 

edition. In one royal 12mo. volume of 1028 pages, with 477 illus- 

trations. Cloth, $425; leather, $5 00. 
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HERMANN (L.) EXPERIMENTAL PHARMACOLOGY. A Hand- 
book of the Methods for Determining the Physiological Actions of 
Drugs. Translated by Robert Meade Smith, M.D. In one 12mo. vol. 

. of 199 pages, with 32 illustrations. Cloth, $1 50. 


Hu (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS DIS. 
ORDERS In one 8vo. volume of479 pages. Cloth, $3 25. 


| Keeeseeeme (THOMAS). A HANDBOOK OF SKIN DISEASES. 2d ed. 
In one royal 12mo. volume of 353 pages, with two plates. Cloth, 
$2 25. 

| hepebeio (RICHARD D.) A DICTIONARY OF THE TERMS USED 
IN MEDICINE AND THE COLLATERAL SCIENCES. In one 
12mo. vol. of 520 double-columned pp. Cloth, $150; leather, $2. 


1 hgesbeaa (HUGH L.) ON DISEASES PECULIAR TO WOMEN, IN- 
CLUDING DISPLACEMENTS OF THE UTERUS. Second and 
revised edition. In one 8vo. volume of 519 pages. Cloth, $4 50. 

THE PRINCIPLES AND PRACTICE OF OBSTETRICS. In one 
large 4to. vol. of 542 double-columned pages, illustrated with large 
lithographic platescontaining 159 figuresfrom origina] photographs, 
and 110 woodcuts. Strongly bound in cloth, $14. 

HOFFMANN (FREDERICK) AND FOWER (FREDERICK B.) A 
MANUAL OF CHEMICAL ANALYSIS, as Applied to the Examina- 
tion of Medicinal Chemicals and their Preparations. Third edition, 
entirely rewritten and much enlarged. In one handsome octavo 
volume of 621 pages, with 179 illustrations. Cloth, $4 25. 


no (LUTHER). LANDMARKS, MEDICAL AND SURGICAL. 
From the third English edition. With additions, by W. W. Keen, 
M.D. In oneroyal 12mo. vol. of 148 pp. Cloth, $1. 

oo (SIR HENRY). MEDICALNOTES AND REFLECTIONS. 
From 3d Englished. In one 8vo. vol. of 493 pp. Cloth, $3 50. 


Leena (TIMOTHY). A SYSTEM OF SURGERY. With notes and 
additions by various American authors. Edited by John H. Packard, 
M.D. In three very handsome 8vo. vols. containing 3137 double- 
columned pages, with 979 woodeuts and 13 lithographic plates. 
Cloth, $18; leather, $21; very handsome half Russia, raised bands, 
$2250. For sale by subscription only. 

poerss (WILLIAM E.) SPECIAL ANATOMY AND HISTOLOGY. 
Eighth edition, revised and modified. In twolarge 8vo. vols. of 1007 
pages, containing 320 woodcuts. Cloth, $6. 

Ls bacsseceds (A.) LECTURES ON THE STUDY OF FEVER. In 
one octavo volume of 308 pages. Cloth, $250. 


PPO reensor (JONATHAN). SYPHILIS. Preparing. See Series 
of Clinical Manuals, p. 13. 


“AYDE (JAMES NEVINS). A PRACTICAL TREATISE ON DISEASES 


OF THE SKIN. In one handsome octayo volume of 570 pages, 
with 66 illust. Cloth, $4 25; leather, $5 25. 

Saas (C. HANDFIELD). CLINICAL OBSERVATIONS ON FUNC- 
TIONAL NERVOUS DISORDERS. Second Americanedition. In 
one octavo volume of 340 pages. Cloth, $3 25. 
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jus (HENRY) A HANDBOOK OF OPHTHALMIC SCIENCE 
AND PRACTICE. In one 8vo. volume of 460 pages, with 125 
woodcuts, 27 chromo-lithographic plates and test types of Jaeger and 
Snellen. Cloth, $4 50; leather, $5 50. Just ready. 


ESTING (JOHN M.) THE MOTHER’S GUIDE IN THE MAN- 
AGEMENT AND FEEDING OF INFANTS. In one small 12mo. 
volume of 118 pages. Cloth, $1. 


Kae (A. F. A) A MANUAL OF OBSTETRICS. New edition. 
In one 12mo. volume of 331 pages, with 59 illustrations. Cloth, $2. 

: Gaetan (E.) ELEMENTS OF HISTOLOGY. Im one pocket-size 
12mo. volume of 360 pages, with 181 engravings. Cloth, $1 50. 
See Students’ Series of Manwals, page 14. 

TA ROCHE (R.) YELLOW FEVER. In two 8vo. vols. of 1468 pages. 
Cloth, $7. 

PNEUMONIA. In one 8yo. vol. of 490 pages. Cloth, $3. 


, S gpkvementres (J. Z.) AND MOON (ROBERT C.) A HANDY-BOOK 
OF OPHTHALMIC SURGERY. Second edition, revised by Mr. 
Laurence. In one 8vo. vol. pp. 227, with 66 illus. Cloth, $275. 


EH est) (GEORGE). INJURIES OF THE EYE, ORBIT AND EYE- 
LIDS. From thelast English edition. In one handsome octavo 
volume of 404 pages, with 92 illustrations. Cloth, $350. 


Page (HENRY C,) SUPERSTITION AND FORCE; ESSAYS ON THE 
WAGER OF LAW, THE WAGER OF BATTLE, THE ORDEAL 
AND TORTURE. Third edition, thoroughly revised and greatly 
enlarged. Inone handsome royal 12mo. vol. pp. 552. Cloth, $2 50. 

STUDIES IN CHURCH HISTORY. The Rise ofthe Temporal 

Power— Benefit of Clergy—Excommunication. New edition. In 

one handsome 12mo. vol. of 605 pp. Cloth, $2 50. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 
IN THE CHRISTIAN CHURCH. Second edition. Inonehand- 
some octavo volume of 684 pages. Cloth, $4 50. 

st ge (HENRY) ON SYPHILIS: In one 8vo volume of 246 pages. 


[ Pam ARN (¢.G.) A MANUAL OF CHEMICAL PHYSIOLOGY. 
In one 8vo. vol. of 327 pages, with 41 woodcuts. Cloth, $2 25. 


Pe separa: (WILLIAM). A SYSTEM OF MIDWIFERY. Inelud- 
ing the Diseases of Pregnancy and the Puerperal State. Third 
American, from the third English edition. With additions, by 
J.S. Parry, M.D. In one'octivo volume of 740 pages, with 205 
illustrations. Cloth, $4 50; leather, $550; half Russia, $6. 


io (CLEMENT). DISHASHS OF THE URETHRA. Preparing. 
See Series of Clinical Manuals, p. 13. 

HE lng arth (J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
TOMY, PHYSIOLOGY, SURGERY, PRACTICE OF MEDICINE, 
OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHARMACY 
AND THERAPEUTICS. To which is added a Medical Formulary. 
Third edition. In one royal 12mo. volume of 816 pages, with 370 
woodcuts. Cloth, $325; leather, $3 75. 
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| Pobeoees (ROBERT D.) A TREATISE ON FEVER. In one octavo 
volume of 362 pages. Cloth, $2 25. 

Matsa (JOHN M.) A MANUAL OF ORGANIC MATERIA MED. 
ICA. New edition. In one handsome 12mo. volume of 526 pages, 
with 242 beautiful illustrations. Cloth, $3. Jzst ready. 

1 Some (HOWARD). DISEASES OF THE JOINTS. Preparing. 
See Series of Clinical Manuals, p. 13. 

1 peal (CHAS. D.) ON THE NATURE, SIGNS AND TREATMENT 
OF CHILDBED FEVER. Inone 8vo.vol. of 346 pages. Cloth, $2. 

yess (JAMES), PRINCIPLES OF SURGERY. Fourth American, 
from the third Edinburgh edition. In one large octavo volume of 
688 pages, with 240 illustrations. Cloth, $375. 

ELLER (JAMES). THE PRACTICE OF SURGERY. Fourth 
American, from the last Edinburgh edition. In one large octavo 
volume of 682 pages, with 364 illustrations. Cloth, $3 75. 


| Le eee (S. WEIR). LECTURES ON NERVOUS DISEASES, 
ESPECIALLY IN WOMEN. Second edition. Shortly. 

yee (HENRY) SURGICAL DISEASES OF THE KIDNEY. 
Preparing. See Series of Clinical Manuals, p. 13. 

MoFRts (MALCOLM). SKIN DISEASES: Including their Defini- 
tions, Symptoms, Diagnosis, Prognosis, Morbid Anatomy and 
Treatment. A Manual for Students and Practitioners In one 
12mo. vol. of 316 pages, with illustrations. Cloth, $1 75. 

Mets (J.) PRINCIPLES OF PHYSICS AND METEOROLOGY. 
In one large 8vo. vol. of 623 pages, with 538 cuts. Cloth, $4 50. 


| eee (JOHN) AND SMITH (FRANCISG.) A COMPENDIUM OF 

THE VARIOUS BRANCHES OF MEDICAL SCIENCE. In one 
handsome 12mo. volume of 974 pages, with 374 woodcuts. Cloth, 
$4; leather, raised bands, $4 75. 

NETTLESHIP'S STUDENT’S GUIDE TO DISEASES OF THE EYE. 
Second edition. In one royal 12mo. volume of 419 pages, with 138 
illustrations. Cloth, $2 00. 

qs (EDMUND). SURGICAL DISEASES OF CHILDREN. Pre- 
paring. See Series of Clinical Manuals, p. 13. 


peeeen (EDWARD). ATREATISEON PHARMACY. With many 
Formule and Prescriptions. Fifth edition, enlarged and thoroughly 
revised by Thomas S. Wiegand, Ph.@. In one octavo volume of 
1093 pages, with 257 illustrations. Cloth; $5; leather, $6. 
oe (JOHN S.) EXTRA-UTERINE PREGNANCY, ITS cLIN- 
ICAL HISTORY, DIAGNOSIS, PROGNOSIS AND TREAT- 
MENT. In one oetavo volume of 272 pages. Cloth, $2 50. 
peeun (THEOPHILUS). A TREATISE ON MIDWIFERY. In one 
handsome 8vo. vol. of about 550 pp., with many illus. In press. 
part (F.W.) A TREATISE ON THE FUNCTION OF DIGESTION, 
ITS DISORDERS AND THEIR TREATMENT. From the second 
London edition. In one octavo volume of 238 pages. Cloth, $2. 
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EPPER (A. J.) FORENSIC MEDICINE. Im press. See Student's 

Series of Manuads, p. 14. 

SURGICAL PATHOLOGY. In one 12mo. volume of 511 pages, 
with 81 illus. Cloth, $2. See Students’ Series of Manuals, p. 14. 

prs (f. PICKERING) FRACTURES AND DISLOCATIONS. Pre- 
paring. See Series of Clinical Manuals, p. 13. 

PISRIE (WILLIAM). THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one handsome octavo volume of 780 pages, with 316 
illustrations. Cloth, $3 75. 

PLAYFAIR (W.8.) A TREATISE ON THE SCIENCE AND PRAC- 
TICE OF MIDWIFERY. Third American edition, specially revised 
by the Author. Edited, with additions, by R. P. Harris, M.D. 
In one octavo volume of 659 pages, with 183 woodeuts and two 
plates. Cloth, $4; leather, $5; half Russia, raised bands, $5 50 

THE SYSTEMATIC TREATMENT OF NERVE PROSTRA- 
TLON AND HYSTERIA. In one 12mo. vol. of 97 pages. Cloth, $1. 

PoOLlIzER (ADAM). A TEXT-BOOK OF THE EAR AND ITS DIS- 
EASES. Translated at the Author’s request by James Patterson 
Cassells, M.D., F.F.P.S. In one handsome octavo volume of 800 
pages, with 257 original illustrations. Cloth, $5 50. 

OWER (HENRY). HUMAN PHYSIOLOGY. In one 12mo. volume 
of 396 pages, with 47 illustrations. Cloth, $1 50. See Stwdents’ 
Series of Manuals, page 14. 

ares (CHARLES H.) CLINICAL CHEMISTRY. In one 12mo. 
volume of 314 pages, with 16 illustrations. Cloth, $1 50. See 
Students’ Series of Manuals, page 14. 

wate nes (FRANCIS H.) THE PRINCIPLES AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND SURGERY. Inoneim- 
perial octavo volume of 640 pages, with 64 plates, besides numerous 
woodcutsinthe text. Strongly bound in leather, $7. 

Faia (IRA). THE PRINCIPLES OF CHEMISTRY. Second edi- 
tion. In one 12mo. volume of 240 pages. Cloth, $1 75. 

| hed alata (J. RUSSELL). A SYSTEM OF MEDICINE, with Notes 
and Additions, by Henry Hartsnorne, M.D. In threelarge 8vo. 
vols., containing 3056 closely printed double-columned pages, with 
317 illus. Pervol., cloth, $5; leather, $6; very handsome half 
Russia, $6 50. For sale by subscription only. 

eager (BENJAMIN W.) PREVENTIVE MEDICINE. In 
one octavo volume of 729 pages. Cloth, $4; leather, $5; half 
Russia, $5 50. 

LT eer (JOHN B.) THE PRINCIPLES AND PRACTICE OF 
SURGERY. In one octavo volume of about 500 pages, fully illus- 
trated. Preparing. 

THE COMPEND OF ANATOMY. For use in the Dissecting 
Room and in preparing for Examinations. In one 16mo. volume of 
196 pages. Limp cloth, 75 cents. 

SA aaa a (WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES. Fourth American, from the fourth 
London edition. In one very handsome 8vo. vol. of over 600 
pages, with numerous illustrations and a colored plate. Shortly. 
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Rosearson (J. McGREGOR). PHYSIOLOGICAL PHYSICS. In 
one 12mo. volume of 537 pages, with 219 illustrations. Cloth, $2 00. 
Just ready. See Students’ Series of Manuals, p. 14. 


saa a (F.W.) ON BANDAGING AND OTHER OPERATIONS 
OF MINOR SURGERY. New edition, with an additional chapter 
on Military Surgery. In one handsome royal 12mo. volume of 383 
pages, with 187 woodcuts. Cloth, $1 75. 

+ geod (GEORGE H.) INSANITY AND ALLIED NEUROSES, 
PRACTICAL AND CLINICAL. In one 12mo. volume of 551 pages, 


with 18 typical illustrations. Cloth, $2 00. Just ready. See Series 
of Clinical Manuals, p. 13. 


CHMITZ AND ZUMPT’S CLASSICAL SERIES. In royal 18mo. 
ADVANCED LATIN EXERCISES. Cloth, 60 cents; halfbound, 
70 cents. 

SALLUST. Cloth, 60cents; half bound, 70 cents. 

NEPOS. Cloth, 60 cents; half bound, 70 cts. 

VIRGIL. Cloth, 85 cents; half bound, $1. 

CURTIUS. Cloth, 80cents; half bound, 90 cents. 

GeMaeDLee (FREDERICK) AND MEDLOCK (HENRY). WONDERS 
OF NATURE. An elementary introduction to the Sciences of 
Physics, Astronomy, Chemistry, Mineralogy, Geology, Botany, Zool- 
ogy and Physiology. Translated from the German by H. Medlock. 
In one 8vo. vol., with 679 illustrations. Cloth, $3. 


 eghaemeaaies (JOSEPB). A MANUAL OF TREATMENT BY MAS- 
SAGE AND METHODICAL MUSCLE EXERCISE. Translated 
by Walter Mendelson, M.D. In one octavo volume of about 300 
pages, with about 125 engravings. Preparing. 

+S act (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT- 
MENT OF DISEASES OF THE THROAT AND NASAL CAV- 
ITIES. Second edition. In one very handsome 12mo. volume of 
294 pages, with 77 illustrations. Cloth, $1 75. 


ERIES OF CLINICAL MANUALS. A series of authoritative mono- 

graphs on important clinical subjects, in 12mo. volumes of about 
550 pages. The following volumes are just ready : Savage on Insanity 
and Allied Neuroses (cloth, $2 00), and Treves on Intestinal Obstrue- 
tion (cloth, $200). ‘The following are in press: Hutchinson on 
Syphilis ; Bryant on the Breast; Morris on Surgical Diseases of the 
Kidney ; Broadbent on the Pulse ; Butlin on the Tongue; Owen on 
Surgical Diseases of Children; Lucas on Diseases of the Urethra ; 
Marsh on Diseases of the Joints; Pick on Fractures and Disloca- 
tions; Ball on the Rectum and Anus. 

aga (W.) MANUAL OF CHEMISTRY. A Guide to Lectures 
and Laboratory work for Beginners in Chemistry. A Text-book 
specially adapted for Students of Pharmacy and Medicine. In one 
Svo. volume of 410 pages, with 16 woodcuts and 7 plates, largely 
of actual deposits. Cloth, $3 00. Also without plates, $2 50. 
Just ready. 

==" (FREDERIC C.) OPERATIVE SURGERY In one 8vo. vol. 
of 661 pages, with 81 woodcuts. Cloth, $3 25. 
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ee (D.D.) DIPHTHERIA ; ITS NATURE AND TREATMENT. 
Second edition. In one royal 12mo. vol. pp. 158. Cloth, $125. 


george (EDWARD). CONSUMPTION; ITS EARLY AND REME- 
DIABLE STAGES. In one 8vo. vol. of 253 pp. Cloth, $2 25. 


i So (HENRY H.) AND HORNER (WILLIAM E.) ANATOMICAL 
ATLAS. Illustrative of the structure of the Human Body. In one 
largeimperial 8vo. vol., withabout 650 beautiful figures. Clo., $450. 


Saree (J. LEWIS). A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOD. Fifthedition, revisedandenlarged. 
In one large 8vo. volume of 836 pages, withillustrations, Cloth, 
$4 50; leather, $550; very handsome half Russia, raised bands, $6. 


QTILLE (ALFRED). THERAPEUTICS AND MATERIA MEDICA. 
Fourth revised edition. Intwo handsome octavo volumes of 1936 
pages. Cloth, $10; leather, $12; very handsome half Russia, $13. 


QTILLE (ALFRED) AND MAISCH (JOHN M.) THE NATIONAL 
DISPENSATORY: Containing the Natural History, Chemistry, 
Pharmacy, Actions and Uses of Medicines. Including those rec- 
ognized inthe Pharmacopeias of the United States, Great Britain 
and Germany, with numerous references to the French Codex. 
Third edition, thoroughly revised and greatly enlarged. In one 
magnificent imperial octavo volume of 1767 pages, with 311 accu- 
rate engravings on wood. Cloth, $7 25; leather, raised bands, $8; 
very handsome half Russia, raised bands and open back, $9. Just 
ready. Also, furnished with Denison’s Ready Reference Index for 
$1 in addition to price in any of the above styles of binding. 


SL MSON (LEWIS A.) A PRACTICAL TREATISE ON FRAC- 
TURES. In one handsome octavo volume of 584 pages, with 360 
beautiful illustrations. Cloth, 84 75; leather, $5 75. 


A MANUAL OF OPERATIVE SURGERY. In oneroyall2mo. 
volume of 477 pages, with 332 illustrations. Cloth, $2 50. 


QTOKES (W.) LECTURES ON FEVER. In one 8vo. volume. 
Cloth, $2. 


TUDENTS’ SERIES OF MANUALS. A series of fifteen Manuals by 
eminent teachers or examiners. ‘The volumes will be pocket-size 
12mos. of from 300-540 pages, profusely illustrated, and bound in 
red limp cloth. The following volumes may now be announced: 
Robertson’s Physiological Physics, $2 00; Gould’s Surgical Diag- 
nosis, $2 00; Klein’s Elements of Histology, $1 50; Pepper’s 
Surgical Pathology, $200; Treves’ Surgical Applied Anatomy, 
$2 00; Power’s Human Physiology, $1 50; Ralfe’s Clinical Chem- 
istry, $150; Clarke and Lockwood’s Dissector’s Manual, $1 50; 
and Bruce’s Materia Medica and Therapeutics, $1 50, just ready. 
The following volumes are in preparation: Bellamy’s Operative 
Surgery, Bell’s Comparative Physiology and Anatomy, Pepper’s 
Forensic Medicine, and Curnow’s Medical Applied Anatomy, ¢x press 


alates (OCTAVIUS). AN INTRODUCTION TO THE STUDY 
OF CLINICAL MEDICINE. In one 12mo. vol. Cloth, $1 25. 


ae 
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Yee atcan: (THOMAS HAWKES). A MANUAL OFCLINICAL MEDI" 
CINE AND PHYSICAL DIAGNOSIS. Third American from the 
second revised English edition. Edited by Tilbury Fox,M.D. In 
one handsome 12mo. volume of 362 pp., with illus. Cloth, $150. 


ON THE SIGNS AND DISEASES OF PREGNANCY. From 
the second English edition. In one 8vo. volume of 490 pages, with 
four colored plates and numerous woodcuts. Cloth, $4 25. 


AYLOR (ALFRED 8.) MEDICAL JURISPRUDENCE. Highth 
American from tenth English edition, specially revised by the 
Author. Edited by John J. Reese, M.D. In one large octavo 
volume of 937 pages, with 70 illustrations. Cloth, $5; leather, 
$6; very handsome half Russia, raised bands, $6 50. 


ON POISONS IN RELATION TO MEDICINE AND MEDICAL 
JURISPRUDENCE. Third American from the third London edi- 
tion. In one octavo volume of 788 pages, with 104 illustrations. 
Cloth, $5 50; leather, $6 50. 

THE PRINCIPLES AND PRACTICE OF MEDICAL JURIS- 
PRUDENCE. Thirded. In two handsome 8vo. vols. of 1416 pp., 
with 188 illustrations. Cloth, $10; leather, $12. 


paeeee (Ts GAILLARD). A PRACTICAL TREATISE ON THE 


DISEASES OF WOMEN. Fifth edition, thoroughly revised and 
rewritten. In onelargeand handsome octavo volume of 810 pages, 


with 266 illustrations. Cloth, $5; leather, $6; very handsome half 
Russia, $6 50. 


yearn peeties (SIR HENRY). CLINICAL LECTURES ON DISEASES 
OF THE URINARY ORGANS. Second and revised edition. In 
one octavo volume of 203 pages, with illustrations. Cloth, $2 25. 


Wehbe! beg (SIR HENRY). THE PATHOLOGY AND TREAT- 
MENT OF STRICTURE OF THE URETHRA AND URINARY 
FISTULA. From the third English edition. In one octavo vol- 
ume of 359 pages, withillustrations. Cloth, $3 50. 


IDY (CHARLES MEYMOTT). LEGAL MEDICINE. Volumes I. 
and II. Two imperial octavo volumes containing 1193 pages, with 
2 colored plates. Per volume, cloth, $6; leather, $7. Just ready. 


ODD (ROBERT BENTLEY). CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one 8vo. vol. of 320 pp., cloth, $2 50. 


i ‘ceapah hod (F.) SURGICAL APPLIED ANATOMY. In one 12mo. 
volume of 540 pages, with 61 illustrations. Cloth, $200. Just 
ready. See Students’ Series of Manuals, page 14. 


i eambevas (FREDERICK). INTESTINAL OBSTRUCTION. In one 
12mo. volume of 522 pages, with 60 illustrations. Cloth, $2. Jvst 
ready. See Series of Clinical Manuals, p. 18. 

‘ess (DANIEL HACK). THE INFLUENCE OF THE MINDUPON 


THE BODY. Newedition. In onehandsome 8yo. vol. of 467 pages, 
with 2 colored pla‘es. Cloth, $3. 
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PVAlsze (W.H.) PRACTICAL TREATISE ON THE DISEASES 
OF THE HEART AND GREAT VESSELS. 3d American from the 
3d revised London edition. In one 8vo. vol. of 420 pages. Cloth, $3. 


b  forinletated (THOMAS). LECTURES ON THE PRINCIPLES AND 
PRACTICE OF PHYSIC. A new American from the fifth and en- 
larged English edition, with additions by H. Hartshorne, M.D. In 
two large 8vo. vols. of 1840 pp., with 190 cuts. Clo., $9; lea., $11. 


watts (HENRY). A MANUAL OF PHYSICAL AND INORGANIC 
CHEMISIRY. In one 12mo. vol. with 150 illus. and a colored plate. 


A?" Bovcsrai (J. SOELBERG). A TREATISE ON THE DISEASES OF 

THE EYE. Fourth edition, thoroughly revised by Chas. S. Bull, 
A.M.,M.D. In one large and handsome octavo vol. of 822 pages, 
with 6 colored plates and 25Y woodcuts, as well as selections from 
the test-types of Jaeger and Snellen. Cloth, $5; leather, $6; very 
handsome half Russia, $6 50. 


yer (CHARLES). LECTURES ON THE DISEASES PECULIAR 
TO WOMEN. Third American from the third English edition. In 
one octavo volume of 543 pages. Cloth, $3 75; leather, $4 75. 
LECTURES ON THE DISEASES OF INFANCY AND CHILD- 
HOOD. Fifth American from the sixth revised English edition. In 
one large &vo. vol. of 686 pages. Cloth, $4 50; leather, $5 50. 
ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 
CHILDHOOD. In one small 12mo. vol. of 127 pages. Cloth, $1. 


ss Begeproeg (CHARLES J.B. andC¢.T.) PULMONARY CONSUMP- 
TION: ITS NATURE, VARIETIES AND TREATMENT. In 
one octavo volume of 303 pages. Cloth, $2 50. 


i Bae ge (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A 
new andrevised American from thelast English edition. Illustrated 
with 397 engravings on wood. In one handsome octavo volume 
of 616 pages. Cloth, $4; leather, $5. 

THE STUDENT’S BOOK OF CUTANEOUS MEDICINE. In. 

one handsome royal12mo. vol. Cloth, $350. 


py acest ON PATHOLOGY AND TREATMENT OF CHILDBED. 
With additions bythe Author. Translated by James R. Chadwick, 
A.M., M.D. In one handsome 8vo. vol. of 484 pages. Cloth, $4. 


OHLER’S OUTLINES OF ORGANIC CHEMISTRY. Translated 
from the 8th German edition, by IraRemsen, M.D. In one 12me. 
volume of 550 pages. Cloth, $3 00. 


yy CoP aEaAD (@. SIMS). PRACTICAL PATHOLOGY. A manual 
for Students and Practitioners. In one beautiful octavo vol. of 497 
pages, with 136 exquisitely colored illus. Cloth, $6. ; 
EAR-BOOK OF TREATMENT FOR 1884. A Comprehensive and 
Critical Review for Practitioners of Medicine. In contributions 
by 22 well-known medical writers. 12mo., 320 pages. Limp cloth, 

$1 25. Just ready. 
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